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Preface 


At present our knowledge about the phenomena 
and processes occurring in the surrounding world 
has vastly expanded. At the same time it is only 
now that humanity has begun to understand both 
the scope of its activities and its dependence on 
the state of the biosphere. Understandably, the 
universal interconnection and interdependence of 
natural phenomena have become the focus of 
attention of modern natural sciences, and a syn- 
thesis of achievements in particular fields has 
become the dominant trend in the development 
of science as a whole. 

This trend towards synthesis has found its most 
dramatic manifestation in the interpenetration 
of sciences concerned with animate and inanimate 
nature. A science of the biosphere has developed— 
a science which stands in its own right and cannot 
be reduced either to geography or biology, but 
makes use of their advances and results, and, in 
turn, influences the development of geology. The 
founder of this science was the Russian scientist 
Vladimir Ivanovich Vernadsky (1863-1945). 

Present-day scientists acknowledge that “Ver- 
nadsky did more than simply enrich that vast 
field known as the Earth Sciences. He so greatly 
transformed their theoretical base that today we 
cannot imagine these sciences without his theo- 
ries about the biosphere, biogeochemical process- 
es and the role that living matter plays in the 
evolution of our planet’*. 

This book will describe the biosphere and the 


* A. Yanshin, S. Mikulinsky, I. Mochalov, “Speaking 
of Vernadsky”, Science in USSR, 6, 3 (1983), 
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role of life in geological processes. You will learn 
about the scientists who dealt with these problems 
and, above all, about V.I. Vernadsky himself. 
His name is connected to the problems treated in 
this book, just as the name of Albert Einstein is 
connected to the theory of relativity. The high 
moral qualities of Vernadsky and Einstein also 
link them together. And, evidently, it is not by 
chance that the greatest scientific discoveries of 
the twentieth century were made by such irre- 
proachable personalities as Vernadsky and Einstein. 
“To all who knew him, even slightly, he will 
remain an ideal of a man of high purity and 
beauty of character and a scientist who never lost 
his interest in the search for knowledge”*, one of 
Vernadsky’s contemporaries wrote about him. 

Vernadsky’s name was famous already during 
his lifetime, His works were published not only 
in Russian, but also in Ukrainian, English, 
French, German, Czech, and Japanese. (The term 
“biogeochemistry” was first used by Vernadsky** 
in his article published in English.) In 1889, 
when quite a young man, he was elected a cor- 
responding member of the British Association 
for the Advancementfof Science, Later, the Nation- 
al Academies of France, Czechoslovakia and 
Yugoslavia, the Geological Societies of France 
and Belgium, the Biochemical Society of India, 
and the American Mineralogical Society elected 
Vernadsky their foreign member. 


D 


* T.M. ele meron Se of Vladimir ane 

i dsky”, American Minera; Ogist, 32, 3-4, 184 (1947). 
eee Vernadsky, “A plea for the establishment of 
a biogeochemical laboratory”, The M. 


arine Biol. Station 
at Port Erin, Annual Rep., 37, 38-43 (1923), 
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Every year since 1959, to commemorate Vernad- 
sky’s birthday, Vernadsky Readings have been 
conducted at the Institute named after him in 
Moscow. N.V. Belov, D.S. Korzhinsky, A.B. Ro- 
nov, A.V. Sidorenko, V.S. Sobolev, B.S. Soko- 
lov, N.B. Vassoyevich, A.P. Vinogradov, and 
other prominent Soviet scientists, as well as 
their foreign colleagues T.F.W. Barth, B.R. Doe, 
R.M. Garrels, T. Owen, A.E. Ringwood, and 
J. Wyard have paid their homage to Vernadsky. 

Among contemporary scientists writing in Eng- 
lish, G.E. Hutchinson and H.A. Lowenstam can 
be said to have contributed most to the develop- 
ment of the ideas considered in this book. Hut- 
chinson is an active propagandist of Vernadsky’s 
ideas in the United States, a well-known biogeo- 
chemist, limnologist and ecologist, and a winner 
of the Franklin medal, the highest award from 
the Franklin Institute in Philadelphia (which was 
also conferred upon Thomas Edison, Niels Bohr, 
Max Planck, Albert Einstein, Enrico Fermi, and 
Theodosius Dobzhansky). He became interested 
in the problems of biogeochemistry by the early 
forties, under the influence of his friendship with 
Vernadsky’s son Georgii Vladimirovich. It was 
on Hutchinson’s initiative that the two most im- 
portant works of V.I. Vernadsky on the biosphere, 
translated into English by G.V. Vernadsky and 
edited by Hutchinson, were published in the Unit- 
ed States in the forties. Hutchinson earned his 
reputation, from studies in the biogeochemistry 
of atmospheric gases, aluminium and phosphorus, 
from the discovery of the “plankton paradox”, 
from his monographs on ecology and limnology, 
and from the programmatic work “Biosphere”, 
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which, in turn, has been translated into Russian. 

Much credit for investigations into the role of 
life in geological processes is also due to Lowen- 
stam, an outstanding scientist who was forced to 
leave his native Germany during the time of fas- 
cism and is now working in the United States. 
Lowenstam is well known mainly for his contri- 
butions to the study of biomineralization and 
biosedimentation phenomena, as well as to the 
investigation of fossil reefs, 

The book now includes the most recent findings 
in the field. The 27th International Geological 
Congress held in Moscow in August 1984 proved 
to yield abundant new data on the subject. 1 have 
also tried to draw on the comments made by 
my colleagues in their reviews of the previous 
editions of the book, in correspondence, and in 
oral discussions. I am Particularly indebted to 
Doctor Betsey Dexter of the USA, who has pain- 
‘Stakingly read through the first English edition 
of the book and made most valuable comments. 

I am not able to enumerate and give special 
thanks to all who have taken Part in discussions 
about the book, but ! do wish to express my 
deepest gratitude to all of them. 

Since references in this text are often made to 
sources published in the Russian language, with 
which English-speaking readers may not be fa- 
miliar, a bibliography for further readings in 
some European languages has been included. 

In conclusion I wish to express the hope that 
they who open this book will not be disappointed 
after having read it to the end. 

j The author 
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A Strange Fate (Foreword) 


Father could understand everything. 
N.V. Toll-Vernadskaya 


“When he was elected an honorary member of 
scientific institutions, it was an honour both to 
Vernadsky and, in no smaller measure, to the in- 
stitutions that elected him. These institutions 
took pride in avowing: ‘Academician Vernadsky 
has consented to be our honorary member’... 

“More than half a century has passed since the 
time when his scientific creativity was in its 
prime, a very long period indeed, but during this 
period there was no scientist to match him... 

“It is very difficult to become another Ver- 
nadsky, but young scientists ought not to lose 
hope. Way is open wide to them... If we pose 
the question whether anyone of them will be a 
second Vernadsky, it is difficult to give a positive 
answer. Certainly, anything is possible in na- 
ture, and one should not lose hope. 

“What matters most is that everyone of us can 
improve the quality of our work and can attain 
new essential results if we follow the examples 
laid down by Vernadsky, study the principles 
and apply the specific features of his work,” 
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This is what an outstanding geologist of our 
time, the Lenin prize winner Academician D.V. 
Nalivkin*, said at the centenary of Vernadsky in 
1963. 

This book is about Vernadsky’s theories, about 
the biosphere, and the aim with which this 
hook was written is that each of us will be able, 
as Nalivkin put it, “to improve the quality of 
his work”. 

Vernadsky was an astounding figure in the nat- 
ural sciences of the twentieth century. It seemed 
as if he had no awareness that science was parti- 
tioned into fields (and in the modern natural 
sciences their number is over a thousand). 
Pear was a naturalist in the broad sense 

i this word, possibly, the last one in the history 
of science. Though he was neither a biologist nor 
a geographer by education, biologists rank him 
with Darwin and Pavlov, and geographers consid- 
er him to be one of the originators of modern 
geography. Vernadsky’s works are not merely 
fundamental in some particular field: Vernadsky 
also founded new sciences. There are at least three 
such sciences: radiogeology, biogeochemistry, and 
the study of the biosphere (recently it was sug- 
gested that the latter science should be called 
biospherology**). . 

Although biochemistry and the teaching of 
the biosphere are new branches of science, they 


* D.V. Nalivkin, “In memory of the world’s greatest 
geochemist”. In: Materials for the Scientific Seaston of the 
All-Union Geographical Society, Leningrad, 3-5 (1963). 

** G.V. Guegamian, “About the hiospherology of 
V.I. Vernadsky”, Journal of General Biology, 41, 4, 581e 


595 (1980). 
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actively influence long-standing areas of natural 
sciences. Recently the article “Vital Forms of 
Plants Relating to the Teaching of the Biosphere” 
was published in The Botanical Journal. Also, at 
a recent scientific conference, G.G. Vinberg, a 
well-known Soviet biologist, President of the 
All-Union Hydrobiological Society and Correspond- 
ing Member of the USSR Academy of Sciences, 
read a paper entitled, “Vernadsky’s Ideas in 
Modern Limnology”. Limnology is the scientific 
study of lakes and Vernadsky was never scien- 
tifcally involved in it. 

It is a strange fate: Vernadsky’s ideas have 
contributed to the development of those allied 
areas, in which he did not work. Evidently, 
Vernadsky not only laid foundations and formu- 
lated fruitful ideas in the sciences. Albert Ein- 
stein once said: “Science is an attempt to bring 
the chaotic diversity of our sensory experience in 
correspondence with a certain unified system of 
thinking”. Vernadsky created such a system. 
This system of thinking, or, if you like, global 
conception, is based on the leading role of life 
es. It was created by Ver- 


in geological process 
nadsky for the geological past, but—strange fate! — 
pical for us, who live 


it became actual, even to ; 
in the end of the second millennium. Vernadsky’s 
conceptions are the methodological basis for de- 
veloping environmental control programs today. 

“Tt is a strange fate”, wrote Vernadsky*, then 
at the age of twenty five, to his wife, “Most of all 
I was attracted, on the one hand, by the problems 


* “From Vernadsky’s Correspondence”, Priroda, 9, 


76 (1948). 
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of the historical life of mankind, and, on the other 
hand, by the philosophical aspects of mathemat- 
ical sciences. But I did not go in for either of 
these fields. I did not go in for history, because 
I wanted first to receive training in natural his- 
tory and then to cross over to history; nor did I 
go in for mathematics, since I did not believe in 
my mathematical abilities...” 

Yet Vernadsky had decided upon the path to 
follow quite early. On his seventeenth birthday 
Volodya Vernadsky asked his father for an Eng- 
lish edition of one of Darwin’s books (by that time 
he could already read in 
His father presented him wi 
evidently, being of the opinion that it was too 
early for his son to re 
and Volodya was so up 
give in. This book wit 
beloved son”, is kept 
Moscow which is now 


ontinuous and law- 


truction and creation 
occurs, where there is no rest—is it dead? Can 


it be that only the hardly noticeable film on an 
infinitely small dot in the universe—on the 
Earth— possesses radical, specific Properties, and 
that death is reigning all over beyond it?... For 
the time being one can only raise these questions. 
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Their solution will be sooner or later given by 
science.” 

The “Vernadskian phenomenon” was moulded 
by the encyclopaedic character of his interests. 
His closest friends were people of various pro- 
fessions. Those who knew Vernadsky well could 
not help wondering at his conduct in conversa- 
tions: he was not only a fine listener, but could 
easily “get his companion to talk”, as one would 
say today. And those were not idle conversa- 
tions, With D.S. Rozhdestvensky Vernadsky 
talked about nuclear physics; with N.Ya. Marr, 
about the Japhetic theory; with D.D. Pletnev, 
about theoretical fundamentals of cardiology; 
with N.I. Vavilov, about the colouration of 
plants and about the varieties of wheat. 
ntieth year, in answer to the question 
“What do you regard as most 
characteristic and most valuable in the way you 
organize your labour as a scientist: a plan, accu- 
racy, a systematic approach, or something else?” 
Vernadsky wrote, “I think that, most probably, 
it is a systematic approach and the striving for 
understanding the world around me. In addition, 
I attach extreme importance to matters of 
ethics*.” 

If we open Vernadsky’s “Biogeochemical Es- 
says”, a collection of his papers published in 1940, 
we shall see the following dedication about the 
author’s preface: “I dedicate these ‘Biochemical 
Essays’ to my wife Natalia Yegorovna, née 
Staritskaya, with whom I have been for more 
than fifty years, to my helpmate in work, never 


_ In his eigl 
in a questionnaire: 


* Priroda, 9, 97 (1967). - 
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failing in her belief that to live is to love people 
and to search freely for truth”. Is there any need 
in saying that such an understanding of the im- 


port of life was the guiding ethical principle for 
Vernadsky himself? 


Vernadsky would not hay 
were it not for his ability 
the maximum Possible ex 
temporaries noted his ability to take advantage 
of, as he used to say, the smallest “bits of time”. 
Vernadsky attached great importance to this 
and passed on the skill of time saving to his son 
Georgii and daughter Nina, 

And there is one more characteristic detail: in 
answer to another question from the questionnaire 
we have already mentioned, Vernadsky wrote: 

I have a reading knowledge of all Slavonic, Ro- 
mance and Germanic languages.” * 

Strange fate! “We consult him now no less 
frequently, perhaps, even more frequently than 
during his lifetime; particularly in the course of 
our scientific work, where his thoughts and eval- 
uations always attend us”, one of Vernadsky’s 
contemporaries wrote about him. His work is 
striking not only because of his profound knowl- 
edge of the subject, but also because of the wealth 
of factual material anq (now we know why!) 
excurtions into history, Some of Vernadsky’s 
works are such that, one would think, only a whole 
body of authors could have the Power to write 
them. But they were written by one man, rather 
advanced in years: Vernadsky wrote al] his main 
works about the biosphere when he was already 


e been Vernadsky, 
to organize his work to 
tent. Many of his con- 


* Priroda, 9, 96 (1967). 
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over sixty. Not always did it come easily to him. 

“If you observe persons engaged in scientific 
work, you notice how often they are irritated 
because of the course taken by, and the essence 
of their work, or how often they cannot make 
themselves work, because all their will has been 
used in petty, strenuous tasks and they have to 
summon up their strength again...”—this is a 
quotation from another letter Vernadsky wrote 
to his wife in the same year of 1889*. 

These qualities of Vernadsky—the encyclopac- 
dic character of his interests and his outstanding 
capacity for work—provide, I think, a clue to 
the understanding of the “Vernadskian phenome- 
non”, And, as Academician Nalivkin says, though 
one may not become a second Vernadsky, it is 
necessary that one should learn from his ex- 
ample. 

The first thing that strikes one is the integrity 
of Vernadsky’s world outlook. I cannot refrain 
from citing one more of his letters, written in 
1892**; 

“T generally do not understand the division of 
love into some kind of ‘sensual’, or animal, and 
some kind of lofty, or ‘ideal’, type. It seems to 
me that, in general, the conception about the 
sensual or animal entertained by us is something 
really comical. Only one thing matters here: how 
high in general is the personality of each of the 
two who are in love and to what extent are they 
equal. We see absolutely the same thing every- 
where: in friendship, in common conversation, 

* “From Vernadsky’s Correspondence”, Priroda, 9, 
76 (1948). 
** Russian Literature, 3, 198-199 (1979). 
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in the way of spending time together, etc. The 
baseness of nature or low culture will put the 
same stamp of vulgarity anywhere. I think, the 
time has come for us to stop regarding the ‘body’ 
as something despicable and to get rid of the 
narrow Christian (or monkish) division into the 
spirit and the body. Real spiritual life, the real 
highly principled side of life consists simply in 
using the best sides of both the body and the 


The expression of his lucid eyes was that of a 
philosopher and a child; his gait was fast, his 
figure was well-proportioned, a little stooped 
only in his old age. Vernadsky did not like to be 
photographed, and only a few 


» are left. For some reason, descriptions of his 


are also few. The best descripti 
Nalivkin*, It is dated 1914. 


forehead of a scientist 


Vernadsky died in 1945 
year of his life. 

Vernadsky is not easy to read: his mode of think- 
ing was in abstract philosophical categories. 


» in the eighty-second 


* D.V. Nalivkin, “Preparation of expeditions to 
Central Asia”, Contributions to the History of Geological 
Sciences, Issue 11, 30 (1963). 
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His works are rich in factual material and tabu- 
lated numerical data, but there are few illustra- 
tive charts, effective images and colourful com- 
parisons. Sometimes this resulted in him not 
being understood. The approach to Vernadsky, 
from the historical perspective, has been reversed: 
one need only compare the evolution of his crea- 
tive legacy, given in different years. The fiftieth 
anniversary of the publication of Vernadsky’s 
monograph about the biosphere was marked by 
holding special conferences; yet in 1927 it had 
been appraised by his reviewer in the following 
manner: 

“Geologists calmly listened to Academician 
Vernadsky before, and they now listen taciturnly 
to yet another of his antihistorical communica- 
tions. The rather interesting book of Vernadsky 
requires, however, a critical approach. The style 
of exposition is somewhat heavy. The book suffers 
also because the main, most important ideas are 
inadequately underscored _ and concentrated. 
Nevertheless, the interest which the book presents 
must motivate its study notwithstanding.” 

Indeed, geologists “calmly listened” to Acade- 
mician Vernadsky. Vernadsky’s works about the 
role of life in geological processes were rarely 
vited in the thirties, and in the obituary no men- 
tion at all was made that he had created the 
science of the biosphere. At that time only the 
Biogeochemical Laboratory (BIOGEL) organized 
by Vernadsky was concerned with problems of 
biogeochemistry (his laboratory has now become 
the Institute of Geochemistry and Analytical 
Chemistry, bearing Vernadsky’s name). 

The grandeur of Vernadsky’s ideas was recog- 
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started reading his paper 
by showing a slide with a quotation from Vernad- 
here”. Then, after present- 
ing his own factual material for about 40 min- 
ed the report by saying 


(I quote from my notes): “I am very sorry that I 
could not add anythin 


1 s of “Reflections of 
Naturalist” (1975, 1977), “Living Matter” (1978), 


a third issue of “Problems of Biogeochemistry” 
(1980), works on the history of science (1981), 
Pages of Autobiography” (1981), Vernadsky’s 
correspondence with B.L. Lichkov (1979, 1980) 
and A.E. Fersman (1985)... Written 50 to 70 years 

range way turn out to 
the depth with which 
is treated and in the 
eralized. In the modern 
ky remains the leader. 


t ch itis ger 
natural sciences Vernads 
It is a fate to be envied. 


1. The Biosphere 


Ages and millennia had passed before 
human thought could note the traits of 
a single consistent mechanism in the 
seemingly chaotic picture of nature. 


V.I. Vernadsky, 1926 


In 1926 in Leningrad a book was issued in two 
thousand copies, with nothing showy in its de- 
sign. This book, however, was to become one 
of the greatest events in the history of natural 
sciences of the twentieth century. It came from 
the pen of Vernadsky and its title was “The Bio- 
sphere”. It was in this very thin book, which 
contained only one hundred and fifty pages, that 
the biosphere of the Earth was for the first time 
shown to be an integral dynamic system con- 
trolled by life. Three years later the book was 
reissued in Paris in French.* , 

After the appearance of “The Biosphere” the 
general ideas about the world, entertained by na- 
turalists, changed. One must agree with Aldo Leo- 
pold that the greatest discovery of the 20th cen- 
tury is not radio or television, but the recognition 
that the Earth is organized as an extremely com- 


* W. Vernadsky, La biospfère, Alcan, Paris, 1929. 
The first English edition appeared only in 1986, when 
the present book was being prepared for publication 
(V. Vernadsky, The Biosphere, Synergetic Press; 1980), 


y 


Traces of Bygone Biospheres 


plex system. Vernadsky 
was the founder of this 
new approach. 

More than half a cen- 
tury has passed since 
“The Biosphere” appeared. 
Extensive data have 
been collected providing 
evidence for the deter- 
mining role of life in 
geological processes, and 
concerning the deposits 
dating back to the bio- 
spheres of bygone epochs. 

It is this compass of 
Bat 6 e problems that we shall 
co prd Suess. (From: Consider in our book. 
Saas tonne. ian But, as V.I. Lenin ‘said, 

+ anyone who tackles 
previously settled al pan problems sede 


general problems will inevi- 
tably and at every step ‘ 


ys come up against’ those 
general problems without himself realizing it.?* 
d, we devote the first chap- 
l t of the biosphere. 
This term appeared in th tn 


i e scientific literature in 
875 in a monograph devoted to the geological 


Structure of the Alps. The author of the monosrapl 

ph 
was Eduard Suess (1831-1944), a Gold Medal 
winner of the Russian Geographical Society, an 
eminent Austrian geologist, “a gener, 


liz o- 
i cts”, as Academicis E APE 
logical facts”, as Aci CLM: VA, Obradies 


* V. I. Lenin, Collected works, v, 12, P. 489, Foreign 
Languages Publishing House, Moscow, 1962. i 
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used to call him. Suess wrote, “One thing seems 
to be foreign on this large celestial body con- 
sisting of spheres, namely—organic life... On the 
surface of continents it is possible to single out 
a self-contained biosphere...”* 

Thus, inconspicuously for contemporaries, the 
word “biosphere” had come into use. Suess coined 
it concurrently with two other similar terms: 
“hydrosphere” and “lithosphere”, by analogy with 
the term “atmosphere” already current in the 
literature. Having coined a new term for which 
such a brilliant future was in store, and actually 
introducing a new concept into science, Suess 
gave no definition of it. In their euphonious La- 
tin, biologists call such terms nomen nudum, 
which means “naked name”. The term “biosphere” 
began to be used occasionally in the scientific 
literature: it can be found, for instance, in the 
works of J. Murray and J. Walther, published at 
the turn of the century, but each author under- 
Stood the term in his own way. 

In the scientific and popular literature, and 
even in textbooks the term “biosphere” is some- 
times ascribed to the famous French naturalist 
Jean Baptiste Lamarck (1744-1829). This is not 
correct; Lamarck is to be credited for having in- 
troduced the term “biology” (but not “biosphere”) 
to science and for having been the first to esti- 
mate the scope of activity of the living organisms 
found on Earth. The confusion over the origin 
of the term “biosphere” may be due to the fact 
that Vernadsky (who always had a profound re- 


3 * E. Suess, Die Enstehung der Alpen, Wein, 1875, 
. 159, 
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of this influence?” Here 
half 


ies, parallel Strata, etc., and 

i ys, and mountains, 
are exclusively products of the animals and plants 
i ese areas of the Earth’s 


nd without knowing 


rocks, what can one 
say about the structure of the Earth’s crust? Tt 


* J. Lamarck, Hydrogeologie, Paris, 1802, pp. 167» 
168. 
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is no wonder that the prophetic words of La- 
marck were forgotten for a long time. 

A fundamentally important contribution to the 
development of our present-day understanding of 
the biosphere was also made by the famous Ger- 
man naturalist, a person of encyclopaedic 
learning, honorary member of the St. Petersburg 
Academy of Sciences and of the Russian Geo- 
graphical Society, Alexander von Humboldt 
(1769-1859). It is not without reason that Hum- 
boldt is called the Aristotle of the nineteenth 
century. He is credited not for extending the 
knowledge in any particular field of natural science, 
but for being the first to view the Earth (even 
if on the level of natural philosophy) as a single 
whole. Humboldt developed this global approach 
(as we now term it) in his fundamental work “Kos- 
mos”, on which he had been working his whole 
life. An idea developed in “Kosmos” was that life 
was present everywhere (“all-animateness” of the 
Earth), and that it was inseparately connected 
with the inorganic world (an idea which was ab- 
solutely new for the nineteenth century!). The 
author even used the term “living sphere” (die Le- 
bensphire), though only once and without any 
comments. Vernadsky rated Humboldt’s works 
very highly. He wrote: “His posing of the prob- 
lems... approaches the geochemical conceptions 
of our time. To him living matter is an indissol- 
uble and regular part of the planet, inseparable 
from its chemical medium.” ” 

Finally, Vernadsky’s direct predecessor and 
teacher was the founder of contemporary genetic 


* V.I, Vernadsky, Werks, V- 1, p 19 (in Russian) 
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soil science V.V. Dockuchaev (1846-1903), who 
is to be credited for having been the first among 
naturalists to understand the danger of ee 
ing the science about nature into a plurality of 
particular disciplines. In his work “Concerning 
the Teaching of the Zones of Nature” (1898) Do- 
kuchaev wrote that natural sciences had made 
great advances in the study of such natural 
objects as living organisms, minerals, rocks, and 
so forth. But at that time investigations concen- 
trated on individual objects “rather than on their 

i ; the genetic, everlasting and always 
regular connection which exists between forces, 
bodies and phenomena, between inanimate and 
living nature... Meanwhile, these relationships, 
these regular interactions Constitute the essence 
ol cognition of nature, the core of real nature 


Philosophy—the best and highest charm of 
natural sciences,”* 


Dokuchaey had focusse 


d his attention on the 
soil, i.e., a Natural h 


ody where the interaction 
of the three “natural kingdoms” singled out at 


that time occurs: minerals, Plants, and animals. 
Dokuchaev had singled out th il as an autono- 
mous—the fourth—natural kingdom and showed 
that the properties of so; : 
interaction of biogenic and abiogeni 
Vernadsky picked up and brill 
the ideas of his teacher. If Dokue 
soils may be likened to a spark, then the works 
of Vernadsky on the biosphere, no doubt, were 
the flame which flared up from that spark. And 


haev’s works on 


7, Dokuchaev, Works, v. 6, Moscow, Publishing 
Seca oh USSR Academy of Sciences, 1951; p, 399 (in 
Russian). 
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though the term “biosphere” was introduced into 
the literature not by Dokuchaev but by Suess, 
it is Dokuchaev alone who is regarded as the har- 
binger of the contemporary teaching of the bio- 
sphere. It is not without reason that already in 
our time, in the book “Fundamentals of Ecology” 
by the American scientist E. Odum, Dokuchaev 
was called the “pioneer of ecology.” * 

Having creatively developed the ideas of his 
predecessors—Lamarck, Humboldt, and Doku- 
chaey—and having used the actually “ownerless” 
term of Suess, Vernadsky created a principally 
new approach to the phenomena of life. Therefore, 
as was justly noted by A.M. Gilyarov, a contem- 
porary methodologist in ecology, although the 
theory of the biosphere can be traced back to 
concepts originating in nineteenth century science, 
“the formation of an integrative approach to 
the biosphere, as well as the very introduction 
of this level of organization of living matter, are 
due entirely to Vernadsky"**. The thesis, “Ev- 
erything is connected with everything”, which was 
later set forth by Barry Commoner*** as the 
“First Law of Ecology” had already been realized 
with respect to biology in the fundamental works 
of Vernadsky. , , ; 

In simple terms, the biosphere is our environ- 
ment, the “nature” in which we live. In his vari- 
ous works Vernadsky gave several definitions of 


* E.P. Odum, Fundamentals of Ecology, III ed., 


W.B. S Philadelphia, 1971. 
Sa a ig e e “Methodological Problems of 


Modern Ecology. Changing of Leading Conceptions”, 


Priroda, 9, 101 (1981). 
one B. SS ei The Closing Circle, New York, 1974 
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iosphere, always emphasizing its two distinc- 
E the first feature is that “the bio- 
sphere is the envelope of life, i.e., the area of 
existence of living matter”*; and the second fea- 
ture is that “the biosphere can be regarded as the 
area of the Earth’s crust occupied by trans- 
formers which convert cosmic radiation into effec- 
tive terrestrial energy, i.e., electric, chemical, 
mechanical, thermal, etc.”** 
In his works Vernadsky emphasized the ubi- 
quity of life (recall the “all-animateness” of the 
Earth as Humboldt understood it). And, indeed, 
the most improbable localities prove to be inhab- 
ited: thermal springs, in which the temperature 
of water reaches the boiling point and, in some 
cases, even exceeds it; perennial snow in the 
Himalayas, where at a height of 8300 m at least 
nine species of bacteria can be found***; arid 
deserts (in African deserts, famed for their 
aridity, there live, for example, more than 500 
species of insects); and supersaline lakes****, 
where cyanophyceae, archebacteria, and one spe- 


cies of shrimps flourish, while flagellates and di- 


* V.I. Vernadsky, Works, y. 1, Moscow, Publish- 
ing House of USSR Academy of Sciences, 1954, p. 178 (in 
Russian). (Further on references to this edition will be 
abbreviated as Works.) 

** W, Vernadsky, La biosphère, 1929, Alcan, Paris, 

å oie G.E. Hutchinson, The Ecological Theater and 

the ee ae New Haven and London, Yale 
A , 1965. y 

Tn EET, Brock, Megs! of ying Lakes” 

ies of Microbial Life in Extreme Environ 

Me. Shilo), Life Set. Res hepa 13, 29-47 (1973), 
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atoms drag out a miserable existence, but, nev- 
ertheless, exist! Strange as it may seem, but 
even the Dead Sea is populated by organisms: 
several species of archebacteria and algae dwell 
there (perhaps we had better put its name in 
quotation marks—the so-called “Dead Sea”?). 
Vernadsky’s teacher Dokuchaev regarded the 
biotic and abiotic factors as being partners that 
enjoyed equal rights in the formation of soil, 
Vernadsky, having passed over to the global 
level, showed that the leading factor which trans- 
forms the face of the Earth is life. Its specific 
feature resides not only in that it accelerates chem- 
ical reactions, but also in that some reactions 
outside of organisms, at normal temperatures and 
pressures, do not proceed at all. For example, 
fats and carbohydrates are oxidized in an organ- 
ism at a temperature of about 37 °C, whereas 
outside it they can be oxidized only when heated 
to 450-500 °C. Microorganisms synthesize am- 
Monia from molecular nitrogen at normal tem- 
perature and under normal pressure, but under 
industrial conditions this reaction can occur 
only at 500°C and 300-350 atm. This means 
that in living organisms some specific catalysts 
must develop, which accelerate the rate of 


chemical esses. 
i alysts actually produced by 


Such in cat 
Sa e been found in living 


the protoplasm hav “ ‘i 
have been named “enzymes”. 


ities of these enzymes are 
ical processes to proceed in 


living organisms. In the whole world hardly a 


dozen kilograms of nitrogenase can be collected, 
but nitrogenase is a wonderful enzyme which or- 
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ganisms use for the synthesis of nitrogenous 
compounds from atmospheric nitrogen. Academi- 


cian I.P. Pavlov called enzymes “instigators of 
life”. In recent years th i 


f l he boundaries of which the 
physico-geographical co 

mal functioning of enzy. 
been made to reveal the ymes in geo- 
logical Processes as well, *# 

_ The biosphere of the Earth, as we understand 
it today, 1s a global open System having its own 
inputs” and its oy “outputs”. Its “input” is 
comi 


“geology”. 

At present the biosphere‘of the Earth is consid- 
ered to be a cybernetic System possessing the 
properties of self-regulation. Fifty years before 


* M.M. Yermolaev, Introduction 
Geography, Leningrad, Lenin 
1975, p. 229 (in Russian). ae 

** G.I. Bushinski, “Inhibitors and stimulators in 
lithogenesis”, Lithology and Miner, Resources, 4, 495- 
497 (1967). 


to Physical 
grad State University Press, 
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such terms did not exist, and Vernadsky spoke in 
this sense about the “orderliness of the biosphere” 
(and in earlier works, about its “mechanism”). 

Vernadsky saw one of the most characteristic 
manifestations of the orderliness of the biosphere 
in the presence of an ozone shield which is lo- 
cated above the biosphere and absorbs ultra- 
violet radiation deleterious to life (for us this is 
a most dramatic manifestation of self-regulation 
of the Earth’s biosphere as a cybernetic system). 
The composition of the gaseous envelope of our 
planet is fully regulated by life. 

Another example of self-regulation is the World 
Ocean. Every year rivers introduce 1.5 million 
tons of calcium carbonate into the ocean, but 
the salt composition of oceanic water remains sub- 
stantially unchanged. Why? Organisms use these 
carbonates for building their skeletons, and after 
their death these carbonates go down to the ocean- 
ic floor. Thus, through the creation of “calcium 
covers” of our planet the composition of oceanic 
water is stabilized. This mechanism has been 
working in the biosphere for millions of years. 

Consequently, self-regulation of the Earth’s 
biosphere is ensured by living organisms. This 
allows one to regard the biosphere as a central- 
ized cybernetic system. This name is used to de- 
note systems in which one element, or sub-sys- 
tem, plays a dominant role in the functioning 
of the system as a whole. This element is called 
the leading part of the system, oF its centre*. Liv- 


* A.D. Hall, R.E. Fagen, “Definition of system”, 
General Systems, 1956, V. 1, pp. 18-28. 
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ing organisms in the biosphere play the role of 
such a centre. 


own axis, which, in ‘urn, conditions latitudinal 
and seasonal changes in the i i 


energy input; Considerable diy 


¿m: from -+8848 m 
ount Chomolungma, Everest) to —44 022 m 
Mari i 


Pacific Ocean). But the 
main diversity of the Earth’ 


r underestimated) 
the creation of nonuniform 


y the Russian microbiolo- 
gist, Professor M.A. Yegunoy (1864-1937): “Any 
medium populated by living organisms is a bio- 
anisotropic medium. Bio-anisotropy is a general 
phenomenon; there is no bio-isotropy. This fol- 
lows from the fact that between the medium and 
every organism a continuous metabolism takes 
place, and therefore at any given moment differ- 


ent points of the medium differ from each other 


* W.R. Ashby, An Introduction of Cybernetics, New 
York, Wiley, 1958. 
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in their physico-chemical composition. Diffusion 
can never completely level out these differences 
as long as the cause that brings them about 
exists” *, 

It is believed that about two million species of 
living organisms are represented in the present- 
state biosphere (there have been about a billion 
of them during the entire period of its existence). 
Each of the species includes millions and bil- 
ions of individuals distributed in the space. Re- 
cently it has been calculated that on the terri- 
tory near the Angara river, within an area of 
0.23 square kilometres, there live 535 (!) species 
of invertebrates, each of these species, naturally, 
interacting with the environment in its own way. 
It is the activity of living organisms that creates 
the extraordinary diversity of the “nature” 
around us, the extraordinary diversity of the bio- 
Sphere. Perhaps, until recently we could not 
appreciate this diversity: we simply had nothing 
to compare our biosphere with. Only now, after 
We have seen on the screens of our television 
Sets and on the pages of illustrated editions the 
andscapes of other planets, deprived of life, 
only now can we fully appreciate the internal di- 
Versity” of the biosphere. This provides a definite 
guarantee for the preservation of life on our 
Planet. — 

It is difficult for us now to imagine the real 
Scale of those geological catastrophes which have 
Occurred in the history of the Earth. The most 
dreadful earthquakes which occurred within the 
__ 


* M.A. Yegunov, “Bio-anisotropic basins”. In: Year- 
pook of Goloer and Mineralogy of Russia, 1900-1901, 
42, 


ae 
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memory of mankind were accompanied by 
faults with an amplitude of 4to 6 m. Tectonic 
phenomena of such dimensions are considered to 
be a national disaster: let us recall the dreadful 
Peruvian earthquake of 1970, which took about 


kilometres! 
The most terrible 
lava flows. Eruptions of suc 


ciations) were always 
local rather than global in ona My In other 


as not yet occurred 


i st Georges Cuvier 
(1769-1832), who explained changes in the fauna 


of the Earth by periodic natural calamities. Cuvier 
did not explain the causes of the catastrophes 
—they were “miracles”. Due to his reputation 
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his doctrine of catastrophism was at one time 
rather widespread and acquired numerous 
followers. For example, the French paleontologist 
A.D. d’Orbigny (1802-1857) held that there had 
been 27 catastrophes in the history of the Earth, 
while the Swiss naturalist J.L.R. Agassiz (1807- 
873) suggested as many as 50 to 80. 
hese views, one would think, could be shelved 
Y now, but the idea of geolog a } 
as again become the subject of extensive dis- 
cussions in the press. The reason for this was the 
finding of a thin (only a few centimetres thick) 
intermediate layer between the Cretaceous and 
aleogene layers, greatly enriched with iridi- 
um, one of the elements of the Platinum Group. 
uch layers were found in several regions of the 
globe (Denmark, Italy, Spain, New Zealand, 
and in depressions in the Pacific and Atlantic 
Oceans)*, The concentration of iridium in the 
termediate layer was one or even two orders of 
Magnitude higher than usual. Since iridium is 
One of the elements characteristic of meteorites, 
it was suggested that this element may have been 
rought into the intermediate layer by an aster- 
oid (about 10 km in diameter) which exploded 
Upon collision with our planet, dispersing aster- 
oidal material in the atmosphere which then 
gradually precipitated over the territory of the 
Earth. Scientists began to associate mass extinc- 
tions of numerous groups of organisms (first 
of all, of dinosaurs), corresponding to that inter- 
Yal of geological history, with this event. 
“Ra L.W. Alvarez, W. Alvarez, i E a baal ee 
tinction Sciences 208, 4448, 1005-1108 (1980). 


ical catastrophe 
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In recent years a fundamental and detailed 
analysis of the changes in fauna between the 
Mesozoic and Cenozoic was carried out at the 
Paleontological Institute of the USSR Academy 
of Sciences in Cooperation with other agencies. 
Different groups of organisms were studied, and 
the changes in their class, order, and family 
were traced within the period of interest. This 
stigation demonstrated that 
flerent groups of the organic 
gradually and not simulta- 
> the extinction of dinosaurs ha 
taken place prior to the appearance of the iridi- 


-P. Tatarinov, Di- 


l any case been substantiated bY 
sufficiently reliable ale i pt 

And what about the A os ee 
the University of M 
demonstrated * that iriq 


í ava, but entered the 
atmosphere along with volcanic Sah on gases: 


ersion of iridium in the 


* W.H. Zoller, J.R. Parringt, Korta, 
“Iridium enrichment in airborne °™ ,1-M. Phelan Ko 


i rne parti Kilauea 
volcano: January, 1983”, Science? weitles from Kilauyy 


ence, 2: -112 
(1983). ce, 222, 4628, 1118 
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biosphere. True, in this case, the iridium supply 
Was not great. But at the end of the Mesozoic 
period, gigantic outflows of basalts took place 
(and formed, in particular, the basalt traps of the 
Deccan Plateau in India). They could have led 
to a sharply pronounced accumulation of iridi- 
um in the atmosphere and then to its accumula- 
tion in a definite clear-cut interbed. Incidental- 
ly, this interbed is not present everywhere: for 
example, it is absent in the boundary deposits of 
the Cretaceous and Paleogene, which have been 
studied in detail in the Crimea by the scientists 
of the Paleontological Institute of the USSR 
Academy of Sciences. 

Thus, the entire geological material accumu- 
lated demonstrates the continuity in the develop- 
Ment of the organic world of the Earth through- 
Out geological history and demonstrates the 
Correctness of Vernadsky’s conclusion about the 
absence of azoic deposits (i.e., deposits formed 
in the absence of life) in the Earth’s crust. The 
internal diversity of the biosphere has ensured 
its stability even to the most significant cata- 
strophic shocks. This stability is determined by 
the exclusive diversity and almost unlimited 
number of living organisms inhabiting the bio- 
Sphere, by the interchangeability of the ecosys- 
tems constituting the biosphere, by duplication 
of the individual links of the biogeochemical 
cycles, by the vital resilience and activity of in- 
dividuals, etc. 

Professor O.P. Fisunenko, a paleobotanist of 
Voroshilovgrad, has calculated that the number 
of genera of higher plants found in different 
Periods was: in the Silurian. 1; in the Devonian, 
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36; within the interval 
from the Carboniferous to 
the Triassic 150 to 200; 
from the Jurassic to the 
Neogene, 250 to 330. 

hese figures refer only to 
a small interval of the 
geological history, but 
even they demonstrate 
a definite tendency to- 
Wards an increase in the 
internal diversity of the 
biosphere in the case 0 
higher Plants. It may be 
assumed that this ten- 
dency has been steadily 
i Erom: Strengthening the “noise 
M.A. Engelgardt, Charles immunity” of the bio 
19827 St rsburg, Sphere. a 

Fi Thus, the Ranie Sa 

$ Sphere j -regula 
Pra tam ay Eene altel 
Immunity, Possessing the Properties of homeo- 
one this idea, which Ne 
ntury, was r ly traced b 
H.T. Odum, The homeostasis of the biosphere i3 
e activit ivi er. 

A characteristic feature of the eee ie the 
indissoluble connection and ill penetrating in- 
teraction of living and 


Nonlivin » as Ver- 
nadsky Preferred to cal] it, aun sehr) 
pea 


* ET Odym, Systems F, Pias duction 
New York, J. Wiley and Sons, 198304" an Introdu 

** LE. Love ock, M. Whitfield, “Life span of the 
biosphere”, Nature, 296, 5857, 561-563 (1982). 
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Charles Lyell* in his “Principles of Geology”, 
evidently, was the first to introduce a special 
concept for the interaction of the organic factors 
(community of living organisms) and inorganic 
factors (climate, soil, relief, etc.) of the environ- 
ment. Lyell called it “station”. Later the Brit- 
ish ecologist A. Tansley** (1871-1955), discuss- 
ing the interaction of living and nonliving sub- 
stances, introduced the concept of ecosystem now 
widely employed in the world literature. Accord- 
ing to the definition given by D.V. Panfilov, 
“an ecosystem is a complex of interconnected 
organisms of different species and of the abiotic 
medium that is changed by them, which is ca- 
Pable of self-regulation and complete self-renew- 
al of the biota’. Ecosystems may be of any size. 
For instance, on land they can vary from several 
metres (sand dunes, microdepressions in steppes 
and semideserts, small lakes in tundras) to sever- 
al kilometres (solonchaks, homogeneous stretches 
of steppes, forests, etc.). The biosphere of the 
Earth is a global-scale ecosystem. Underscoring 
this, Professor Heinrich Walter, the well-known 
Zeobotanist of the FRG, writes: “The Earth is 
one large entity, and events taking place in the 
Earth’s environments, in the biosphere, exert a 
mutual influence upon each other. Climate, soil, 
Vegetation, and animal life should not, therefore, 
be considered simply as isolated branches of 
sciences. It is impossible to separate the phenom- 
ena associated with life from environmental 


ee —_ 
* Ch. Lyell, Principles of Geology, v. II, London, 


1832; 2nd ed., 1833. 
nd ed., “The use and abuse of vegetational 


** A.G. Tansley, 
Coneepts and terms”, Ecology, 16, 284-307 (1935). 
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ecologist is to under- 

hese interconnections. The biosphere is a 

i ich the continuous 

ergy takes place 

biosphere also 

n the contemporary 

n approach is becoming more 
widespread**, 


factors, and the task of the 
stand t 


Seocoenosis” is also Sometimes used. This term 
was suggested by ici 


in 1942. Bi 


» Microclimatic, By 
morphological, or geochemica 
boundary does Pass. 

„In essence, ho cepts are close and 
differ mainly in details. Since the concept 0 
ecosystem is “non-dimensional” we shall adhere 
to this term. i i 

Ecosystems, like the bio 
“Diocentric” and in Most ç 


complicated Structure, Nevertheless no matter 
’ 


how Complicated thi stru re 
: Structure m the 
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a very similar way of life cannot exist in one and 
the same ecological niche.”* 

Due to their complicated structure, the eco- 
systems possess the properties of homeostasis, 
which finds expression in minimization of the 
Negative effect of changes in the environments 
through rearrangement of the structure of the 
biota. The “homeostaticity margin” of the eco- 
Systems can be measured in terms of the maxi- 
mum load they are capable of withstanding 
without passing over to à new qualitative state. 
This homeostaticity margin can be measured in 
units of concrete effects, ©-8-» the amount of 
contaminants, temperature variations, humidity 
variations, etc. The stability of the biosphere as 
a whole is equal to at least the sum of the ho- 
meostaticity margins of the ecosystems consti- 


tuting it. k 
Although the ecosystems are relatively closed, 
they are intimately interconnected. Their inter- 
action manifests itself in the mutual exchange 
of the products of metabolism of living organisms, 
of the living organisms themselves, of various 
mineral and organic substances. In order to pass 
over from studying innumerable and quite di- 
re extensive comprehen- 


verse ecosystems to a m0 A 
of the biosphere as a whole, 


sion of the functioning à 
Yu.P. Byallovich** has suggested that specific 
complexes of voosystems—biogeosystems—should 


* G.F. Gauze, “Investigation of the struggle for 
existence in ised populations”, Zool. Journ., 14, 2, 243 
935). A 
A Yu.P. Byallovich, “Systems of Biogeocoenoses”’. 
In: Problems of Biocoenology: Moscow, Nauka, 1973, 
Pp. 37-47 (in Russian). 
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be singled out. According to the definition 
given by D.V, Panfiloy*, «g biogeosystem is a 
part of the biosphere with a directed abiotic 
transfer of substances and energy that are trans- 
formed by the biota of Specific e 
main forms of such 


the functionin of a unified gigantic cycle of 
Substances within the entire biosphere. There 
r he case in hand. The simplest 
proof is that we consume oxygen all the year 

: i Oxygen js Produced by plants 
on Y during the vegetation Period which may 
ast throughout the year only in the tropical zone. 
Facts oe it is not the vegetation 

€misphere We Consume oxygen pro- 
duced by the Plants of the °pposite hemisphere. 
z evidence of the global 
0 °sPheric cycling: DDT has 
been found In the bodies o See penguins 
(this preparation naturally, was never used in 
1 Strontium appeared in 
the milk of Europea Women four iene after 
each successive test o Le Weapons on thè 
atolls of the Pacific Ocean, 

The main elements Participating in the biospher- 
ic cycling are hydrogen, Oxygen, Carbon, nitro- 
gen, calcium, potassium , Silicon, Phosphorus, 
ea 

* D.V. Panfilov, “Ecosystemic and Bi temic 
Structure of the Biosphere”, Jpn: Pele 


‘ odern Problems of 
the Geography of Ecosystems, Moscow, 1984, P. 27 (in Rus- 
sian). 
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sulphur, strontium, barium, iron, manganese, 
zinc, molybdenum, copper, and nickel. The cy- 
clings of chemical elements in which living mat- 
ter participates have been given the name of bio- 
geochemical cyclings.* At present greater atten- 
tion has been given to their study in connection 
with environmental control. 

The heterogeneity of the structure of the bio- 
sphere, its “mosaicism”, is determined by the 
presence of regions in it which differ in their 
biogeochemical specialization, or biogeochemical 
Provinces, as they were initially called. This 
Concept was first introduced by Vernadsky in co- 
authorship with A.P. Vinogradov and further 
elaborated by the latter. The biogeochemical 
provinces were understood to be areas on the sur- 
face of the Earth, differing from the adjacent 
areas in the concentration of chemical elements or 
Compounds in them and, as a result, causing 
different biological reactions of the local flora 
and fauna. Studies on the biogeochemical zon- 
ing of the Soviet Union were started in 1944. 
The map compiled by V.V. Kovalsky (1899- 
1984), Corresponding Member of the All-Union 
Lenin Academy of Agricultural Sciences, on the 
basis of those studies is considered to be one of 
the best in the world. | bie. 

The global biogeochemical cycling in the bio- 
sphere is not closed. The reproducibility of 


Separate cycles reaches 90-98 per cent. 


* P.A. Trudinger, D.-J. 
geochemical Cycling of Ele 
tions”. In: Biogeochkemical C! 
Elements, Amsterdam, Elsevier, 


_J. Swaine, G.W. Skyring, “Bio- 
ments— General Considera- 
ycling of Mineral-Forming 
1979, pp. 1-27. 
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In the geologic time-scale incomplete closure 
of the biogeochemical cycles leads to differen- 
tiation of the elements and to their accumulation 
in the atmosphere, hydrosphere, or in the sedi- 
mentary envelope of the Earth. These several per 
cent of substance not involved in the biotic cycle, 
constitute the “output to geology” which we have 
already mentioned. 
ound not only at the “out- 

“input” of the biotic cycle 
annes Walther (1860-1937): 
geologist, was one of the 


5 his cycle from the 
bowels of the Earth is required. a. tes for- 
emical principle ee 
the Earth and othe? 
8 equal, is possible 
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hese planets are active and the 


only so long as t 
and matter between their 


interchange of energy 
inside core and surface takes place.”* 

Only substances are involved in the continu- 
ous cycle in the biosphere; concerning energy one 
can speak only about a directed flux. E.P. Odum 
called the cycling of substances and unidirection- 
al flux of energy two great principles or laws of 
general biology and ecology, which follow directly 
from the laws of thermodynamics. Solar energy 
Coming into the biosphere is partly consumed for 
the synthesis of organic matter. The biosphere is 
a “factory producing macromolecules”: at this 


factory photoautotrophic organisms, absorbing 
ic matter that con- 


Solar energy, convert inorganic : 
sists of small molecules and is poor in energy 
into organic compounds which consist of large 
molecules and are rich in energy, and thereby 
vith them. This process 


Supply all living matter y 
is called photosynthesis. When these compounds 
are transferred from one trophic level to another, 


energy is gradually dissipated. After final decom- 
Position of organic residues, energy is partially 
accumulated in the Earth’s crust in the form of 
aluminosilicates, “geochemical storage batteries” 
as they are called. When discussing the penetra- 
tion of the outer envelope of the Earth by solar 
energy, the Soviet crystallographer Academician 
N.V. Belov (1891-1982), who formulated the 
idea about geochemical storage batteries, drew a 
Parallel with a diamond. When light falls on a 
diamond, part of the light is reflected from the 


* A.B. Ronov, “Vulcanism, accumulation of carbo- 
nates, life,” Geochemistry, 8, 1274 (1976). 
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matter is subject to similar 
geologic time-scale), : 

ifferences in transformations 
of energy and matter in the biosphere, the Soviet 
investigators and Popularizers of Science P.P; Vto- 
rov (1938-1979) and N.N. rozdov used a graphic 
example: a water mill. Its wheel rotates ceaseless- 
ly, remaining in the Same place, and symbolizes 
the stock of Matter in the biosphere. However, 1 
tate, a constant inflow 
analogous manner, the 


ie 
1g from space “rotates 
fe on our Planet. 


on average. The , 
tomass of land 


land plants (the phy- 
14 years. In the 


is renewed 8pproximately every 
Ocean the Circulation of matter 


T: the entire mass 0 


re ry day! 
The process of the Complete mbt es ae 
in the hydrosphere takes 2800 years. In the atmo- 
sphere, the Substitution 9 Oxygen takes severa 
thousand years, and the Substitution of carbon 
dioxide gas, 6.3 years, 
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manifests itself not only during the geologic time 
(millions and billions of years), but is clearly 
evident even within the historic time (thousands 
of years and less). 

At the same time, some other substances par- 
ticipating in the biogeochemical cycle have consid- 
erably lower migration rates. Thus, the time 
required for the photosynthetic decomposition of 
the water mass of the World Ocean amounts to 5 
or 6 million years (above we spoke about the 
Water cycle without the chemical decomposition 
of water). The duration of the global cycles of 
Carbon, nitrogen, and phosphorus also comes to 
millions of years. 

As early as 1926 Vernadsky had brought up the 
Question of the boundaries of the biosphere; he 
returned to it in a special article in 1937.* At 
that time, however, it was difficult to give a 

efinite answer. It is still not easy to do now. 

N.B. Vassoyevich, a prominent Soviet geolo- 
gist and Corresponding Member of the USSR 
Academy of Sciences, has brought attention to 
an important feature of the structure of the bio- 
Sphere, which Vernadsky has emphasized: the 
existence of a “life stability field” and a “life 
existence field” in the biosphere. In the first case 
(the “stability field”) there exist “conditions 
which life withstands without ceasing its func- 
tions, i.e., conditions under which an organism 
Suffers, but survives’; in the second case (the 

existence field”) there exist “conditions under 
which an organism can produce progeny, i.e., 
__ 


s Vv. Vernadsky, 
Sphere”, Tzv, AN SSSR, geo 
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“About the limits of the bio- 
1. series, 1, 3-24 (1937). 
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increase the living mass, increase the ne ala 
energy of the planet... The limits of the pl ua 
are conditioned first of all by the life existence 
field”*. Such an approach to the definition 0 
the boundaries of the biosphere is in a Sa 
agreement with the present-day understanding 0 
the biosphere as a global ecosystem (recall the 
definition given by Panfilov, cited above). 


as and oxygen. Tt has been 
established that in the Himalayas the green vege- 
i is limited to an altitude of 6200 m 
essure of carbon dioxide gas 
a level. But even at a greate! 
t vanish completely. Centas 
and insects are still found an 
tioy feed on organic residues brought by the 
wind. 


The second Condition is a Sufficient quantity of 
water (necessarily in the liquid phase) which en- 
enzymatic processes- 
is fac o face, where life would be 
limited by this fac 


tor are extremely seldom en- 
countered. 


Third, there are favourable thermal conditions 
which preclude both t i 


| too high temperature’ 
(which cause Coagulation of Proteins) and too lov 


temperatures (which stop the work of enzymes): 


where the Partial pr 
is one half that at se 
altitude life does no 
Species of spiders 


* V.I. Vernadsky, Works, y, 5, pp. 72, 63 (in Rus 
sian). 
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Record-holders in survival are procaryotic organ- 
isms: bacteria and cyanobacteria. (We shall dis- 
cuss them later.) Some species live in the snow, 
1n small pools of fresh water on the ice floes drift- 
ing in the Arctic, in rock formations of the An- 
tarctic; others live in hot springs at a temperature 
above 100 °C.* 

A fourth condition is the presence of a “subsis- 
tence wage” of the elements of a mineral diet—a 
factor which to a considerable extent limits life 
within large areas in oceans, but very rarely 
reduces it to zero. 

And fifth, is the hypersalinity of the aqueous 
medium, which when approximately ten times 
higher than the concentration of salts in sea wa- 
ter limits life. Artificial mats, in which evapor- 
ation of brines is carried out, are sterile.** Sub- 
terranean waters with a concentration of salts 
exceeding 270 g/litre are also deprived of life. 

The above-stated factors limit the develop- 
ment of life only within very small areas. The 
Prominent American ecologist Robert E. Rick- 

efs*** cites the following examples: the slopes of 


ount McKinley in Alaska, where water exists 
Only in the solid phase because of year-round 
elow-zero temperatures, and is, therefore, inac- 


—__ 

` * T.D. Rock Thermophilic Microorganisms and 
aan at High Temperature, New York, Springer-Verlag, 

8. 3 T 

Hee ate G W.E. Krumbein, “Animal Communities 
iN Recent pie Stromatolites of Hypersaline Ori- 
gin”, In Microbian Mats: Stromatolites. MBL Lectures 
83 Biology, New York, Alan R. Liss, Inc., 1984, pp. 59- 
i Economy of Nature. A Textbook 


kkk 7 á hi 
Bom, RiGee hiron Press Inc., 1976. 


on Basic Ecology, Portland, C 
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cessible for living organisms; White Saos 
(N. Mex., USA), where pure gypsum sands — 
the name—the White Sands National Mos 
ment) are altogether deprived of mineral e X 
ments required in a diet. Yet, lifelessness of thes 

areas is questionable and, in any case, ephemera’. 
For example, other areas that Ricklefs consider 
to be lifeless—Death Valley (Calif., USA) an 

the volcanic island Surtsey, which was formed in 


1963 near Iceland—are already populated with 
cyanobacteria. 


ut, perhaps, 
history of studi 
structive, 


the oceanic abyss is lifeless? The 
es on this problem is quite in 


Supreme was that at a COD: 
Xe ocean life was absent, be 
and dark there. Such weighty 


1 ed there vertically (cor- 
responding to the depth) and were encountere 
less frequently at greater depths, By extrapola- 
tion of his data, Forbes 


1 The Biosphere 53 


the “zero of animal life” had to be shifted down 
to more considerable depths. The one-kilometre 
depth proved to be no limit either: a piece of 
damaged transatlantic telegraph cable lifted in 
1860 from a depth of 2460 m turned out tobe 
overgrown with representatives of the most di- 
verse groups of animals: hydroids, corals, bryo- 
zoans, mollusci, and other bottom dwellers. At 
approximately the same time, Charles W. Thom- 
son, a graduate of the Edinburgh University, 
started investigating deep Norwegian fjords and 
also water areas between Scotland and the Faeroes 
Islands. To the east of the Wesan Island at depths 
of about 3700 m he found numerous kinds of sea 
animals. In 1872 Thomson directed an oceanograph- 
ic expedition on the steam corvette “Challenger”. 
Present-day scientists hold that this expedition 
which lasted three and a half years yielded more 
information than the ocean studies of all the 
Preceding centuries- This expedition proved that 
life existed everywhere at all the depths accessi- 
le to investigation at that time. During the 
1940s and 50s the results from expeditions on the 
Vityaz” (USSR) and “Galatea” (Denmark) dem- 
onstrated that the ocean is inhabited down to 
its maximal depths. Yet no one had seen these 
inhabitants alive until the moment the _bathy- 


scaphe “Trieste”, with the Swiss scientist Jacques 
te Piccard who invented 


iccard (the s f Augus 
the on ale aad US lieutenant Donald 
Walsh on hoard, touched the bottom, of the Ma- 
riana Trench on January 23; 1960 at 13:06. At the 
Jepth reached 10 919 m, 


Point of submersion the € i 
ater was 2.4°C, and the pres- 


the temperature of w 
ly 4400 atm. 


Sure was approximate 
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Jacques Piccard reports:* “The bottom was as 
solutely smooth, with only a few small clumps 
But—the most important thing!—just an sad 
stant before we touched the bottom a fish toeta 
up into the light circle... In one second, w. SA 
accommodated years of work and preparation, ne 
solved the Problem that had tormented oar 
ographers for decades... We got proof that na 
pressure, nor darkness or cold taken toget 


y e 
have the Power to stop life.” The myth about th 
“zero of animal life” 


ants of maximal 
ot fish but lige 
» Tather primitive pr 
urrell described them a 
ble among all the sea dwellers, 
are called “sea cucumbers”, 2 r 
them look more like pumpkins he 
S covered with thick reddish- 
brown warty skin. One may share Durrell’s oa 

i not the most beaut! 
darkness at onet, but life in wi 

ere 

Not at all Sweet either. Pwe LOND pais 


ut Dolar se 


; of 
as? Ts their mass ° 
from the 


external world by a 
3 ol ice, inhabited? Until 1937 1 
was believed that this body p water was either 
altogether uninhabiteq or very scarcely populat- 
ed. But the investigations carried out during 
the drift of the So 


viet polar Station “North Pole 
Y one of the mem hers 


rapes am— 
T m °! Papanin’s tear an 
P.P. Shirshoy (1905-1953), Who later became £ 
ae 

* J. Piccard, p 


rofondeur 17 000 Metres, Paris, 1961+ 
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academician—revealed that the waters of the 
Arctic Ocean were populated even at the highest 
latitudes. The upper layers of the oceanic waters 
were found to be rich inshell-less pteropode mol- 
lusci, small crustaceans, and medusae. Plankton 
nets brought catches even from a depth of 3000 m. 
A still more striking discovery was made forty 
years later by American scientists in quite 
different quarters: in the coastal waters of the 
Antarctic, covered with permanent ice.* 7 ' 
Investigations were carried out in the Ross 
Sea, where the thickness of the ice'reached 420 m. 
he sea water there proved to have been isolated 
from sunlight and from the direct effect of the 
Atmosphere by an ice armour which formed at 
least 120 thousand years ago. It was natural to 
assume that under such conditions life could not 
exist in the sea. But contrary to expectations, the 
ice dungeon proved to be inhabited! Television 
cameras and other research instruments lowered 
into an ice-hole detected a rather diverse commu- 
nity of organisms in the vast volume of water; 
this community consisted of diatoms, foramini- 
fera, anthropods, crustaceans, and bacteria. 
mong them some absolutely unusual, hitherto 
unknown species were encountered. j 
Thus, both the entire land surface (with the 
exception of very limited areas) and the ocean 
depths correspond to the “life existence field” as 
Vernadsky understood it and, consequently, per- 
tain to the biosphere. As regards the atmosphere, 
the only inhabitant there is the so-called “aero- 
plankton”: bacteria, yeast fungi, spores of mould 


eC 
* Science News, 112, 19, 292-293; 26/27, 424 (1977). 
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iruses, 
fungi, of mosses and lichens, as well a8 ele 
algae, cysts of Protozoans, and so on. ititude 
microorganisms have been found at ana ent 
of up to 77 km. The majority of microorgan nds 
minutes or even ae 
after they get (not on their own accoral) ma 
i icroorganisms the ere 
ble, and they sink into 
state of anabiosis, True, it is assumed that rik 
i agate in low-level sto ed 
been proved. Ther 4 
hole does not essen: 
the definition of an ecosystem 

i System, nor se 
organisms takes place taera; 
case of a “life stability fiel 5 
according to Vernadsky—a zone overlaying ps: 
biosphere, Hutchinson has called it parabiospher® 
(from the Greek root ‘para’, at the side of, along 
side of), in which are i e major part 9 
i glacial shields of the Antarc 

tic and most arid areas of deserts, ** e 
here then are the real confines of the bio- 

sphere? 

Rendering the definition given by Vernadsky 


> one can attribute to the biosphere 
those zones of the Ẹ 


e 3 f | arth, where a origenic ae 
munities of living organisms exist. Do the lowes 
atmospheric layers meet this 


Condition? Evi- 
ee 


r se eat 
“Microflor, of atmospheric air”. 


a A 
Tganisms in the Cycle of Gases in 
Nature, Nauka, Moscow, 1979, PP. 50-64 (in Russian). 


** GE, Hutchinson, The Ecological Theater and the 
Evolutionary Play. New Haven and London, Yale Univ. 
Press, 1965, 
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dently, yes, since insects and birds dwell there. 
Among insects there are active predators which 
live by hunting in the air and come down to 
earth only from time to time and for spending the 
night. Many birds, in their turn, are insectivorous 
and prey in flight. Thus, the lowest atmospheric 
layers are the native element for many insects 
and birds, and therefore should be included in 
the biosphere. The upper boundary of the bio- 
sphere should be drawn judging from the highest 
active flights made by flying organisms (the 
record-breakers among them being, naturally, 
birds). So far the record has been held by a pre- 
maturely perished griffon vulture which collided 
with an aircraft at a height of 12.5 km. Above this 
boundary the parabiosphere is located. 

The situation with the lower boundary of the 
biosphere is more complicated. Vernadsky be- 
lieved* that the entire sedimentary envelope of the 
Earth was populated by bacteria. The data avail- 
able at that time about the occurrence of bacte- 
tia in the Earth’s crust were insufficient. Only 
individual observations had been made. In 1901, 
for the first time, the engineer V. Sheiko found 

acteria in the deep subterranean waters of the 
Baku oil fields; a quarter of a century later the 
American scientist B. Bastin and the Soviet re- 
Searcher T.L. Ginzburg-Karagicheva published 

scriptions of the microorganisms found in the 
subterranean waters of oil fields. Later, in the 
Course of well-drilling operations on the Apshe- 


EET 


* V.I. Vernadsky, “About the limits of the bio- 
AN SSS Pe eries, 1, 16 (1937), 
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, at a 
ron Peninsular bacteria were encountered a 
depth of 1700 m. 


firm Vernadsky’s 


ræ 0 
by the tempratur? je 
conditions, and are 
ts. Live bacteria o 
ters at a temperature 0 
ough their maximum vital pot 
i to “only” 80 °C. The critical c0 a 
centration of mineral salts has already been me! 

tioned—270 g/litre, In the course of deep-drilling 
operations in the Vo ga region and in West sibe 
i anaerobic microf] ra, both active and diyor 
nd at a depth of et 
teria are not four ec deeper. However, 


id : e ths 
if the mineralizatj p Pteciably smpllerdep 


cl- 
> neg or Water exceeds the spe 
fied limit or if the ¢ eposit ig “sealed”, Such zones 
devoid of life (or “azoic”) Were found in the Ang®” 
i ee eat a depth of about 500 m, and 
D the Volga-Kama i ut 
200 m i Basin, at a depth of abo 
As regards the bottom idiments of the world 
cean and inland Waters, ere the oxygen concen” 
oki, ewe lower favdary of living pea 
as been show or ex t in th 
zone of hydrogen sulphide oltonine ea Black 
* LE Kramarenko, i 
Importance of the Microorganseothemical and Prospecting 
ugrad, Nedra, 1983 (in Ruse, ay bterranean Waters: 
Ssian), 
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Sea the sediments are sterile already at a depth of 
5 cm from the surface of the bottom.* In the 
Pacific and Indian Oceans microflora dwell in the 
bottom sediments to a depth of 10-12 m, while 
in the Caspian Sea they are found at no less than 
114 m below the surface of the sea bottom. It has 
been suggested (though without proof so far) 
that a layer of bottom sediments down to a depth 
of 200-250 m from the surface of the sea bed may 


still be populated. r 
Thus, the vertical width of the biosphere in 


the ocean covers the entire depth of oceanic wa- 
ters and includes the bottom film of life, which 
varies markedly in thickness; the biosphere on 
continents comprises a thin superficial layer and 
a thick underground layer. All the daylight sur- 
face of our planet belongs to the zone of the bio- 
Sphere. The only exceptions (doubtful as they 
are) are those rare cases which we have already 
mentioned. The distribution of living organisms 
in the biosphere is shown in Fig. 1. 

These are, according to the present-day concep- 
tions, the boundaries of the Earth's biosphere. 
The title chosen by Vernadsky for the major book 
of his life was: “The Chemical Structure of the 
Earth’s Biosphere and of Its Surroundings”, but 
Vernadsky had not defined what he implied by 
the “surroundings” of the biosphere. A contem- 
Porary interpretation is given by Vassoyevich. 
_ Vassoyevich** suggests that one should single 

* Yul. Sorokin, The Black Sea, Moscow, Nauka, 


1982 (i i 
(in Russian). “various interpretations of 


** N.B. Vassoyevich, 
the concept of the biosphere”. In: Investigations of Organic 
Matter of Contemporary and Fossil Sediments. Nauka, Mos- 


cow, 1976, pp. 381-399 (in Russian). 
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out a “megobiosphere” (from the Greek word 
megos”, great, mighty), i-e., a multilayered en- 
Velope of the Earth, formed as a result of the 
activity of living matter. Its upper boundary is 
defined by the limit to which the biogenic atmo- 
sphere extends; its lower boundary is the enve- 
lope of the Barth, not subject to the influence of 
life. The megobiosphere includes: 

(a) The apobiosphere, i-e., the upper portion of 
the Barth’s atmosphere which is beyond the 
boundary to which abiotic life forms extend; 

(b) The parabiosphere; 

(c) The biosphere, which corresponds to the 
enbiosphere as understood by Hutchinson;* 

., (d) The metabiosphere, which corresponds to 
the area of bygone piospheres” as defined by 


ernadsky. 

Vernadsky defined “the area of bygone biospheres” 
as an envelope of the Earth, that had at any 
time been subject to the influence of life. He wrote 
that the Earth’s crust “encompasses within the 
Tange of several dozen kilometres a number of 
geological envelopes which some time in the past 
Were biospheres on the surface of the Earth. There 
are the biosphere, the stratisphere, the meta- 
morphic (upper and lower) envelope, and the 
granitic envelope. It is only now evident that 
they all originated from the biosphere. There are 


Ygone biospheres”.** 


teases 
* G.E. Hutchinson, The A 
Uae valutionary Play, New Have 
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E ** V.I, Vernadsky, i k 
arth's Biosphere and of Its ‘Surroundings, Nauka, Moscow, 


1965, p. 35 (in Russian). 


cological Theater and 
n and London, Yale 


r res 
62 Traces of Bygone Biosphe 


solar 
Thus, owing to the constant influx of cen 
energy, the intensive work of living matter W iato 
is the recipient of this energy, and the mewn 
closure of the biotic cycle, the biosphere ary 
een continually creating concentric Speer 
envelopes around itself: the parabiosphere and the 
apobiosphere (towards its exterior), and 
metabiosphere (towards its interior), <n 
characteristic feature of the biosphere as A 
dynamic system is its nonequilibrium which a 
Consequence of the work of living matter ang a 
the influx of solar energy. As early as 193° j 
junior contemporary of Vernadsky, the ase 
nent biologist Erwin Bauer (1890-1942), Wee 
Spent the last 7 years of his life in the sear 
i Systems are never i 
the expense of their free energy 
they constantly perform work to avoid the equi 
ws of physics and chem 


the stable Nonequilibrium State’ of living 
Systems”.* Now it is called the principle © 
auer. 


d humic substances 
At equilibrium humic sub 
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Budapest, 1982, p. anigretical Biology, Académiai Kigali 
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stances would have been oxidized by the oxygen 
present in the system; but such an equilibrium is 
hever reached, since, though oxidation does pro- 
ceed, new portions of both ma ame and 
oxygen constantly enter the system. — 

ae eee of the biosphere is that it 
is “watered”. “Water without life is not known in 
the biosphere; negligible in weight, such Dhar 
rences of it are rare—and temporary, like the 
water of crystallization in minerals; such are the 
waters of volcanoes, reach in free sulphuric s 
hydrochloric acid, perhaps, some brines- atn 
that is al].”* At the same time, water is the me- 
dium for practically all the, chemical protes ei 
occurring in the biosphere. This is a y j tig 
reason why chemically pure water in the ee i 
is as rare an occurrence as water devoid o rer 

ernadsky liked very much the dahnition pi ie 
as “animated water”, which had been giv enhy a 
nineteenth century French zoologist ie Maer 
and he repeatedly quoted it in his wo Ke ponte 
ines about water also belong to en be. ak 
Exupery: “Water, you have neither as Pisce 
Colour or odour, they delight in you, pics it 
knowing what you are. One sagao so pa y 
are necessary for life; you are life i i R 

Water has a rare property, = a : a ee 
does not change chemically une ot : S gee 
the substances it dissolves. Due to this anier 
can be used repeatedly by organ a life" 2 
Györgyi called water “the matrix o : 
-_ 
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The total content of water in all the neia 
all the living organisms is approximately Recent 
greater than in all the rivers of the globe. 
investigations have shown 
contained in th 


several minut 
and is determined aln 


fae meus the 
© precipitation. In the ocean 


is 
upper layer alone (0 to 500 m) 
filtered in such a manner within 20 days*. 


in the last century: 
1852 Rudolf Wolf (1816-1896 1a Svis astronome? 
dence of the Barth E 
g with which sp° 
un, 

However, heliobiology (the science about the 
influence of the Sun iological processes) 15 
Considered to haye originated only in 1915 when 
he report “Periodic In uence of the Sun on the 

losphere of the Earth” Was read at the Moscow 

Chaeological Institute, In this report, the au- 
thor A.L Tzhijevsky 1897-1964), who later be 
came an eminent Scientist, formulated a concept, to 
—— E 
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which he then devoted the rest of his life*. The 
Concept may seem even trivial. Really, is there 
anything surprising in that life on the Earth is 
determined by the Sun? At the present time a 
tremendous range of phenomena have been discov- 
ered that are controlled by the “rhythm of the 
Sun”, ranging from the outbreaks of massive pro- 
liferations of locusts to the average academic per- 
formance of school children. Tzhijevsky was the 
Pioneer, but he did not live to see his ideas 
recognized... 

Now, let us bring some 

The biosphere is perceived as an external enve- 
lope of the Earth, permeated with and formed by 
ife, its development being determined by the 
constant influx of energy from space (mainly so- 
ar energy). The biosphere of the Earth is charac- 


terized by the presence of liquid water and exten- 
sive low-temperature reactions which proceed in 
are to a considerable 


the aqueous medium and 
gree regulated by the action of enzymes. The 
biosphere produces a gaseous envelope towards 
its outer edge, and an envelope of sedimentary 
rocks (“the area of bygone piospheres” or “the 
Metabiosphere”) towards the interior of the 
Planet. The cycle of substancesin the biosphere is 
Shown diagrammatically in Fig. 2. 
Man occupies a specific place in the biosphere. 
mphasizing this circumstance, Prof. Heinrich 


alter writes: “Man was placed in a whole and 
Natural world, which, thanks to his mental capa- 
tively, thus rais- 


Cities, he is able to regard objec 
— 


* A.L. Tzhijevsky, Les epidèmies et perturbations 
dleetiomagndtiques aa ilea exterieur, Paris, 1938. 
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Recently “UNESCO Courier” (1981, No. 5) 
Published a chart illustrating the way in which 
man came to realize the overall interconnectedness 
of natural phenomena and of his role in it, or of 
low, quoting the journal, “the formation of the 
Modern concept of ecology” came about. Ver- 
Nadsky made a decisive contribution to the devel- 
opment of this concept with his theory of the 
Noosphere and of the leading role of mankind in 


modern logical processes- 
Fie cated t phere controlled by 


Vernadsky called the bios 
the mind i So the noosphere (from the Greek 


5e 


eres 
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5 om 
root ‘noos’, mind). He borrowed this term f e- 
the French mathematician and philosopher sni of 
Roy (1870-1954) who formulated the eee 
the noosphere* with his friend, the wel ; rd de 
paleontologist and anthropologist P. Teil Sr the 
Chardin (1881-1955). However, the theory undor 
noosphere occurred to the French colleagues turë 
the influence of Vernadsky’s ideas, whose lectur?” 


in geochemistry they had attended at the 
bonne in 1922-1923, In 
the turn of 


els 
not picked up by anybody. Howe in 
Roy and Teilhard de Gna 7 
alistic, even religious in cha i- 
Chardin was not only an jon 
» but also a catholic miss!¢ 


in! 
ds with the ruling doct ne 


T 
lat th 0 will be fully in conce, 
ance with his basic Conclusions,” Vernadsk 
= 
t 
* E. LeRo: L'ezidence ; ; ravol 
tom, Paris, 1927, p. 97,10" idéaliste et le fait de 1 im 
Paris, 1559 ihard de Chardin, Le Phénomène wes, 
es Correspondence of V.I. y, s Lich 
kov (1940-1944), Nauka, Moscow, EE iO lin Russia®)” 
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article “Some Words About the Noosphere” was 
Published in Russian in 4944 and proved to be 
his last publication to appear during his life- 


Creative work: “The historical pr 
radically changed under our very 
irst time in the history i 
of the masses on the one hand, 
of individuals on the other, 
Course of life of mankind and provide standards for 
men’s ideas of justice. Mankind taken as a whole 
is becoming a mighty geological force. There arises 


the problem of the reconstruction of the biosphere 
in the interests of freely thinking humanity as a 
e of the biosphere, 


single totality. This new stat the biosp 
Which we approach without our noticing it, is the 
noösphere”* (italics are Vernadsky’s —A-L.). 

bove all, by 


The noosph is characterized, a 
Peniza f the Earth by mankind. 


the global colonization © a 
Ndeed, as Vernadsky emphasized, the history of 
uman society is not only, and even not mainly, 

the history of wars, changes of dynasties, palace 

revolutions, etc.; it is, first and foremost, the 
istory of man’s mastering of the planet. It was 
already after Vernadsky’s death that mankind be- 

Zan to conquer outer space- A grandiose picture 

of the future development of the noosphere was 

Presented by the prominent Soviet astronomer, 

_ 

eM Ts “ -osphere and the nodsphere”, 

den Sa pa i, 80 (1945) 5 


iospheres 
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Y comforting—man is ] ele- 
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changed. A, ] geo 
becoming a powerfu that 
oday man has indeed ania the 
geological force which transforms the face 0 h 
planet. Man is srowing new varieties of plants: 13, 
is developing new} the 
Selection and Stication are examples of 
transition of ¢ i 
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the world’s extractio 


Teached 20 tons). A 
times as mu 
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ee 
SEV; Gi: 
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the biotic cycle (in 4 it 
n of mineral ores per cap 
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ces 
Present mankind produi 
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transforms the landscapes boon 
Bee Big. 3). Ti ia common practi 
two Varieties of 


cultural landscape" 
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«als 
“Limits of potenti@ 
(1974). 
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which exemplify the noosphere: the agrosphere 
and the technosphere. The first comprises var- 
ious plantations, fields, gardens, greenhouses, 
Pastures, groves, parks, piscicultural grounds, and 
So forth. The technosphere is an aggregation of 
all the items of material culture, as it were, 
built into” nature by mankind. There are plants 
and factories, air fields, stadiums, motorways, 
architectural structures, and so on. Yet, no mat- 
ter how grand technology may be, man remains 
the motive force of the noosphere. And if the 
“primordial” biosphere is biocentric, the noosphere 
is, in its essence, doubtlessly, anthropocentric. 
Emphasizing the humanistic purpose ol the 
concept of the noosphere, Vernadsky wrote:” 
The problem of planned, consistent activities 
which will aid us in mastering nature and accom- 
Plishing the correct distribution of wealth, con- 
Nected with the comprehension of the unity and 
equality of all people, of the unity of the noo- 
Sphere, is now on the agenda.” The optimization 
of the conditions of man’s existence—this is how 
e main trend of development of the noosphere 
May be expressed. Vernadsky developed the same 
idea**; “Tt has become clear, and is more deeply 
Penetrating the consciousness of mankind, that 
We now have a real opportunily to obliterate mal- 
nutrition, starvation and poverty, to greatly di- 
minish the incidence of diseases, and prolong 


SS 


M * V.I. Vernadsky, Reflections ofa Naturalist, Book 23, 
Osi 


Cow . 409 (in Russian). ' 
ee Ky Naaa, S ra Structure of the Biosphere 


of the Earth and Its Environment, Moscow, Nauka, 1965, 
P. 274 (in Russian). 
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human life to the live muu, n 
“I am the most alive am ong the living”, writes 
the poet A. Tarkovsky, Th In Ve ®rnadsky’s recently 
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Koea es observed in natua <> a specific 
organisms, like any i living iin its specific defi- 
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aite space-time. 
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“2. Man in 
a definite 
biosphere, 


“3. The explosion of scientific thought in the 
twentieth century has been 


entire history of the biosphere and has its deepest 
Toots in the structure of the latter. The ae 
tion of “culty » insofar as it is a tor 
of organization of the new geological force whic 

has formed in the biosphere, cannot be interrupted 
great natural phenome 


Y» or, rather, geologically corres- 
ponding to the established orderliness of the 
biosphere” * (all italics and q 


Uotation marks are 
Vernadsky’s), 

Vernadsky’s statements were later developed- 
Thus, the Soviet biologist Academician 
S.S. Shvarts (1919-1976) showed that the appear- 
ance of Homo sapiens in the geological history 15 
the consequence of th inuous adaptation of life 
to diverse abiotic conditi : the more precisely 
animals react to changes in the external medium» 
the higher their chances are in the struggle for 
ife. Reason, from the standpoint of an ecologist, 
is the highest ability to react expediently to 
changes in external Conditions. Furthermore, the 
origin of the mind in th 


: e human species has led to 
the formation of the Noosphere, ie was vividly 
sketched by the Soviet Writer B 

airless, 


S A : “Naked, 
thin-skinned Agapov 


all his manifest, 


ations constitutes 
regular part of the 


structure of the 


i Small-mouthed, with un- 

| Steady small teeth, with musculature far weaker 

than that of his enemies, running and leaping 
eens 


© VT. Vernadsky, “Reflection, list”, Book 
2, Nauka, Moscow, 1977, PP. 32-34 Ga ee z 


1T ; 
he Biosphere 5 


mu 
eee than they, man has created a second 
sputniks ound him, from the shirt on his body to 
catia in space. And in this second nature, an 
of it, he has become the most powerfu 


i 

ve on the planet.” 

ore ok was convinced that the history of 

tecn nd is not something accidental and that it 
nected by adamantine ties with the develop- 


me 
nt of the biosphere. Vernadsky revealed this 


Con z 
of epee more fully (recall that he once thought 
coming a historian!) iD his most profoun 


Wo t 
bea Thoughts About the Contemporary Signifi- 
Wrote: of the History of Know’e ge”. Vernadsky 
: “Throughout the centuries periods recur 
or a few generations, 


wh ise 
in n one generation f i 
donea aay orina few countries, many richly 
Create t} personalities appear, 
ie force that alters the 
the 


V 
si ky Ss ideas about 


at 
(Pisa, Y Hippocrates: 
aand of all, do not harm”). 
of the extremely productive 
hand agrosphere are being created, on the other 
Natur the impoverishment and extermination of 
fogerty ecosystems are taking place: , t 
Hen] ere, so dear to Vernadsky +: is running 
or RE in reality of turning into the technospher’ 
by agen into ‘the sphere of avidity » governe 
e spirit of fortune-huntins> py mediocrity, by 
~ 
ka 
S VLN ; Works on History © 
lence, Nauka, ay Sgi P 233 oe 


While, on the one 
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the absence of social con 
Sciousness, by the idea 
of destruction and by 
the egotistic doctrine 9 
‘after me, the deluge » 
said the outstanding 
Belgian ecologist P. Du- 
Vigneaud addressing the 
XIIth International Bo- 
tanical Congress.* He 
Considers that in the pre- 
Sent situation agriculture 
Must constitute a sin- 
$e whole with moder? 
technology, which is ro 
enoed to a minimum Si 
iological and ecologic 
ribune of the XIIth In- 
PAR Botanical i ae sin produ a 
Congress (1975). (Frew fone eterious effect 0 
XII IBC, Proceedings, *0geocoenoses, There iS 
Nauka, Leningrad, 1979, no other way. 
P. 73.) : he eminent ag ae 
ötan: z nt, 
whom this author had the aed oe 
in Leningrad at the Same Congress once calculat- 
ed that the Present-da Population on the globe 
rake mes 1000 times as Much food and raw mate 
HRE as the virgin nature of oyp planet can give- 
re other words, gs People have to return 
o using only rel rion es, only one in every 
Now liyi 


thousand of thos vi i 

è ny E The 
Same idea was set forth bri AA hades 
ee) 


P. Duvigneaud “Noos sta- 
” , Phere et p la végéta 
tion du glob, A avenir de la vég Ea 
&rad, 1879, 5. Int. bot. co + Proc., Nauka, Lenin 
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ky meant the envelope 


By noosphere Vernads 
upersede the biosphere, 


o. : 

oe mind that was to 5 

ager! of life. Unfortunately the quarter- 

sia Main those words were written has 

a i i how mindless most of the changes 
y man on the biosphere have been. 


on ed 4 
etheless, Vernadsky’s transition 1m this 
lternative to mankind 


manki he scien 
kind, which is accomplished nly | 
ientific ad- 


Our nerations of 

mee COELOS Standing êt this turning- 

should surveying the future openi 

experi be happy that we have been destined to 
ence this, to participate in the creation 0 


Su 
a a future.?** 
tnadsky’s optimism is not unfounded. It is 
e and noo- 


Preci 
cisely the teaching of the piospher 
nt of a com- 


Sphe. 
re that allows for the developme 
h can enhance 


ex F 
of ecological measures whic 
i f the Earth. As 


R Academy of Science 


anni 

v 

ment ae any prognosis ê 
fol science in the next decad 


lo : < 
wing: substantial changes in t 
* 

G.E. Hutchinson, “The piosphere”s Scient. Amer- 


lia 

k "3.223, 5, 53 (1970). am of time in mod 
™ science” ernadsky, “The Pre em of time Im od- 
science", Tev. AN SSSR, OMEN, 4 541 (1932). 
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of P 
the biococnoses of the Earth; the creation of 
f self-renovation and 


self- x 4 
self-regulation; anthropogen1e landscapes featur- 
ili an enhanced 


in : 
TA increased stability an ; 
tenan, y for biological purification; and the main- 
a level of the overall balance © the biosphere at 

ensuring optimal developmen 


Society, 
ii the world’s press nowadays one sometimes 
Suh three interwoven letters | MAB” in 
sent ination with a maximally simplified repre- 
in ne of the human figure, the symbol of life 
Mea Egypt. This is the è plem of the in- 
a a onal programme “Man 
UNESC at the XVI Genera f 
Were CO in 1970. In 1980 about 400 countries 
enyi _ already participating the activities 
1 pee by this programme., | i 
lon e objective pursue MAB is to undertake 
atten investigations 0? e effect of man’s 
itech on the natural processes occurring in W5 
spin here. As the programme st 
scienti, to destroy obsolete parrie Fa 
ak ists—naturalists, sociologists, À ens 
app: ers—and suggests instea an interdiscip inary 
of he directed towards 50 ving the pro ems 
odina pee both natural eco 
man.” f 
tiall, madsky’s concept of the piosphere is essen- 
koe the theoretical basis of iaman eat 
gramme. In addition philosophica aspects 
üs concept of the noosphere hav 


c K 

—onsiderable international effect. * 

be ec ft . 

ang E; Tagliagambe, Scientia, 118: 505-535 (in Italian 
nglish) (1983). 
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deal With m ; een 
created and Processed h if ae pa son Mias: D 
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rganisms 1n thi 
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= wh Vernadsky 
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965, pp. 58-60, S 


an a 
matter 


S matter 
ter created by processes 
oes 
liquid, 


The Chemical 
urroundings 


We glibly talk 
of nature’s laws 
but do things have 
a nature cause? r 
Black earth turned into 
yellow crocus 
is undiluted 
hocus-pocuc, 


` Piet Hein. 1966 


Its Surroundings” 
about types o 


Seregation of living 
» Scattered in myriads 


°, With biogenic matter, 


mely Powerful potentia 
ormation 


limestone, petroleum, 
geological activity 0 
is low. 


not participate, that 
and gaseous... 


Structure of the 
» Nauka, Moscow; 
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w 
is bio-inert matter, 


The 
fourth component 
isly by living organ- 


Which į 
Isms : Pig oa simultaneot 
me via a processes, and which represents 
his hie equilibrium systems of them both. 
waters of the he oceanic, and almost all other, 
Led crust of biosphere, petroleum, soil, weath- 
ading rol the Earth, etc. Organisms play the 
S “Fifth ah in their formation. 
st ioactive oe is matter, which is in a state of 
wee radio ecay m the form of a few relatively 
‘th chemi active elements... Here we are dealing 
%Sition nical elements of complex isotopic com- 
lospher which penetrate all substances of the 
de ere and i k 
go down to an unknown 


Pth. 

“On th 
SPhere ee hand, all the matter of the bio- 
, evidently, of the biosphere alone, is 


atter—scattere 
d from all kinds 
nee of cosmic 


Permea 
ors ns by a sixth form of m 
ae errestn; l are continually create 
adiation al matter under the influe 
Finais 
X matter of the seventh type of terrestrial matter 
velar kn in...” (italics are Vernadsky’s 
n thie nse 
ater To chapter we shall consid 
Attention nt in the biosphere, på 
may Soe to living matter. nas a 
tat er sy vich, considering the classification of 
ae lome ated by Vernadsky, noted that from 
St tise point it is not flawless, Since the 
the ce, rt categories partly overlap (for in- 
of) Añ ter of cosmic origin is at the same time 
us manking cen example, the dismal experience 
that r C since Vernadsky’s death has taught 
-Otson adioactive isotopes (€-8-> strontium-9 ) 


er the types of 
ying particular 
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accumulate in living organisms and, ae 
ly, can enter into the composition of both ge 
and inert matter. As regards “biologically ine 3 
matter”, it cannot be regarded as a specific Wea 
of matter, since, according to the definition giv an 
by Vernadsky, it consists of two matters ee 
living and inert). In its character it is not mat 
but a dynamic system, the fact emphasized i 
Vernadsky himself (we shall discuss this proble 
in Chapter 5). the 
Vernadsky constructed this classification of t 
types of matter in the biosphere according 
several parameters: 
(a) The character 
(b) The character 
ic matter and ir 
life not takin: 
ter); i8 
(c) The radioactivity of matter (matter! 
distinguished, which ig in a state of radioactiv® 
decay); 


(d) The degree 
Structure (matter 


of matter (living or inert); 
of the initial matter (bioge! 
aert matter are differentiate’ 
8g part in the formation of the lat 


of dispersion of the molecular 
is distinguished, which 
Y scattered atoms); 


4 igin 
extraterrestrial orig 


or g; (b 
to the initial a ERa } 


à t- 
i ormed from living ma 
ter, biogenic; and formed from nonliving matters 
ee Trestrial or extraterrest! 
al origin (Table 1). adioactivity and the degree 0 
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dis 
persio 
n of the molecular structure as classifi- 


cati 
on 
parameters are omitted. 


Tabl 
e1. 
Types of Matter of the Earth’s Biosphere 


s of matter 


Character Classification 
matter according to ypes of matter Type: 
initial mate- of terrestrial of extraterres- 
rial origin trial origin 
Bi me sia 
logenic Living matter. 
jos,| Not known 


Synonyms: bios, 
Livin g piota 


Abiogenic [net known Not known 


O [oeme [poemom UT — 


Biogenicmatter: 

(a neobiogenic; 

(b) paleobioge- 

nic. 

Synonym: orga-| Not known 
atter 


Non]; 
i nogenic m: 
Abiogenic Abiogenic¢ mat- Abiogenic mat- 
ter of terrestri- ter ol extrater- 
yestrial origin. 


Biogenic 


al origin. 

Synonym: inert! Synony™ mat- 

matter ter of osmic 
origin 


4 io ot terrestrial origin in the bi r 
rnad 1 living and nonlivins- According to 
elong sky, all living organisms of the piosphere 
tempor to the category of livin matter. Gon" 
ormed ex living matter is piogenic, 51” e 

emed exclusively by propag” ion of the already 


Astin: ree 
Gs g living matter- 
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Over the ages there has existed a belief ue 

the possibility of the Spontanegus origination 0 
iving matter from nonliving. 
Eo (384-322 BC), who was called the 
“Father of All Sciences”, believed that plants orig- 
inated spontaneously from the earth, fish from 
ooze, and worms from rotting corpses of dead 
animals. Due to his unshakeable authority these 
views became generally adopted. In an encyclo- 
paedia of ancient natural science, the poem “On 
the Nature of Things” written by Lucretius 
Carus (first century BC) contains the following 
lines about putrefying substances: 


Changed, th 
And full e 


An opposite thesis, “omne vivum e viyo” (“all 


the living from the living”), which Vernadsky 
called “the Principle of Redi”* developed later. 
Francesco Redi (1626—1697) Was a naturalist, 
physician, and Poet who worked in Florence. In 
1668 he ran a series of famous experiments inves- 


1S generation of life from 


* W. Vernadsky, La géochimie, Alcan, Paris, 1924, 
pp. 331-334, 
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_ Redi was ahead of his 
time for centuries. Lt was 
two hundred years after 
Redi that the great 
French scientist Louis 
Pasteur (1822-1895) per- 
formed a series of clas- 
sical experiments with 
bacteria (1860-1861) pro- 
viding experimenta 
Proof that there can be no 
Spontaneous generation 
of life. 

i Vernadsky did not con- 
pay “the principle of manna r 

in 3 sician, a Pran- 

Ron to pe el a an 
Redi 20 £ W.A. Locy, Biology and 

edi principle does not its Makers, N.Y., 1915, 
deny abiogenesis: it only P 280.) 
indicates the _ limits 

occur. In the 


possible that at one time 


there was no biosphere, 

conditions or states existed on the Earth’s crust, 
which are now absent, but which then were 
sufficient for abiogenesis-” 


_Nonliving matter present in the biosphere can be 
either biogenic or abiogenic- Biogenic matter is 
created as a byproduct of the vital activity of 
organisms. Constituents of biogenic matter are 
the remains of dead organisms, products of their 
shedding and fall-off such as the following: chitin- 
ous integuments of arthropods, hair and teeth 
lost by mammals, horns shed by deer, feathers 


lost by birds, fallen leaves (and also bark) of 
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trees, ripe fruits separated from pl 
etc. This mass can be Considerable; for example, 
during the 20 years of its life a crayfish sheds 
50 carapaces; by the end of their life the dead 
organic matter of Woody plants exceeds the 
weight of living matter by 3 to 4 times—recall 
the resilient carpets of conifer needles around 
fir-trees or of shed bark around eucalipti. Con- 
stituents of biogenic matter are also the excrement 
of animals and external Products of the metabo- 
lism of living organisms (recent investigations 
have shown that in aquatic ecosystems 10 to 40% 
anktonic algae is, 
medium and may 
and energy for other 
external metabolism 
in bacteria, Higher 
Substances into the 


ants, pollen, 


organisms). The role of 
products is 


plants also « 
environment and tł 


pearl, galipot 

lament secreted by 
‘ogenic matter falls i 0 categories: 

_ (a) Neobiogenie 1 is formed by 

living matter extant in 1e given geological 

epoch; 5 


matter f livin 
matter of past geologi aed by living 


} cal epochs 
distinctive feature of neobiogenic matter is 
its extreme instability in the biosphere mainly 
because it is actively : 


Processed 
isms. Only an Insignifie 


matter becomes fossilized 
category of paleobiogenic m 


by living organ- 
art of neobiogenic 
thus falls into the 
atter). However, 
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curious things sometimes happen. For example, 
a web was found, which had been woven millions 
of years ago! It was preserved by a lucky chance: 
as soon as this small web had been woven by the 
eight-legged ancestor of our spiders, resin some- 
how covered it; the resin solidified, deposited 
into sediments, and after millions of years a piece 
of amber was found with the web enclosed in it. 
In some gem shops in the United States one can 
buy such coprolites for 5 dollars apiece. These 
coprolites sometimes contain another paleobiogen- 
ic substance, namely, fossil excrement of dino- 
saurs. 
The first paleobiogenic substance whose organic 
origin was proved were enigmatic triangular 
Stones, known since antiquity. They were called 
stone tongues”, in Latin—glossopetrae, and were 
considered to be “freaks of nature”. They were 
abundant on the island of Malta, and every own- 
er of a more or less large collection of rarities in 
Europe could boast of one or several pieces of 
glossopetrae. It was established only in the 
17th century by the great Danish naturalist 
Nikolaus Steno (1638—1686) that these were the 
fossil teeth of sharks. Thus, the first principles 
of paleontology were laid down. re 
Living matter is studied by the biological 
sciences; however, biogenic matter is not special- 
ly studied by any of the natural sciences. There- 
fore, as stated in a conference document, “geolo- 
gists should pay the greatest attention to the ma- 
terial products of the vital activity of organisms... 
his is one of the important specific features 
in the approach of geologists to the vital 
activity of the organism, and should always bẹ 
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Pe ae los- 
Fossil shark tooth (in times of old they were called gl 7 
sopetrae) in phosphorite of the Paleogene Period, Life 
size. Algeria, Photo by Ya. . B i 
Ya.V. Samoilov, Deposits of Phosphorite 
Tunisia, 1912, Table Il, Fig, I.) 


remembered*.” One cannot but agree with this 
Statement, 


Finally, the last type of m 
origin is Nonliving Abiogenic : 
of such substances are products of volcanic 
eruptions and gases ving from the interior 
of the Earth, According to Present-day estimates: 
SS . 

* “Materials for Discussion and Conference on Sedi- 
mentary Rocks”, Publishing House of the USSR Academy 
of Sciences, Moscow, 1951, p. 


50 (in Russian), 


atter of terrestrial 
matter. Examples 
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about 3 billion tons of abiogenic matter annually 
enter the biosphere. 

It has not been scientifically established wheth- 
er the matter of extraterrestrial origin contains 
either living or biogenic matter. So far signs of 
either have appeared only in science fiction novels 
and films, although it is true that in 1961 the 
British journal “Nature” published a paper by 
G. Claus and B. Nagy*, in which unusual for- 
mations found in meteorites were described. The 
authors called them “organized elements” and 
defined them as the remains of extraterrestrial 
microorganisms. Later, similar microscopic for- 
mations were found in other meteorites, some- 
times in appreciable quantities, put the biogenic 
nature of the “organized elements” was not 


confirmed. 

However, according to 
by the cosmochemist G.P. Vdovykin**, the 
“organized elements” are silicates, surrounded by 
a shell of abiogenic carbonaceous substance. 

Thus, in spite of extensive searches, no traces 0 
either living or biogenic matter of extraterrestrial 
origin have yet been found. Abiogem¢ matter of 
extraterrestrial origin is, however, quite a rea 
thing. ; 

Certainly, everyone knows about meteorites, 
although their appearance is arather rare natura 

only several 


phenomenon. Since the 45th century 
hundred meteorites have been observed to fall 


the conclusions drawn 


* G. Claus, B. Nagy: “Microbiological examination 

of some carbonaceous ey ondrites”, Nature, 192, 4803, 

594-596 (1961). i 
“Organized elements in carbo- 


** G, P. Vdovykin, 
naceous chondrites”, Geochemistry, 7, 678-682 (1964). 
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and collect on the Earth. 
5 cases of a man being hit 
one per century, and one p 

Meteorites are the best k 
most widespread form of 
extraterrestrial origin. The 
posed of meteoric dust, 
particles ranging from doz 


er particles of almost molecular size. The totai 
amount of abiogenic matter of extraterrestria 
origin, arriving annually from Space to the bio- 
sphere of the Earth, varies Considerably, according 
to estimates given by different authors. Most 
experts, however, estimate it at 404 to 10° tons 
a year. This is not much of course, but during 
the 4.5 billion years of the Barth's existence, the 
thickness of the layer of matter of extraterrestrial 
origin has accumulated 


5 and reached a depth of 
few hundred metres. This 


There have been only 
by a meteorite, i.e., 
erson has been killed. 
nown but far from the 
abiogenic matter of 
y are primarily aom 
with the diameter o 
ens of microns to small- 


er, constitutes only a very 
part of the bio: y 


extraterrestrial origin. 
-aiving matter, howey, 
small 

distributed 


our planet, it 
thin as 2 cm. 


I > it is Precisely ]jy; Q shat, 
in Vernadsky’s Opinion ys (hag matter t 


lays i le in 
the formation of the Barth’ the leading ro 
Bau ot living matter fails to 
0 the inert and 
. ~losphere, biogenic rocks 
(i-e., those created by living matter) constitute 


f its masg and go far beyond 
the limits of the biosphere” (italics are Vernad- 
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Abiogenic matter of ex- 
traterrestrial origin: CoS- 
Da dust isolated from 
Devonian rocks of the 
rals, 30-fold magn. 
(Published in the Russ. 
ed. of “TBB”) 


le this statement 


sky’s—A.[.). Vernadsky mac 
half a century ago, but it is supported by geologi- 
cal data and realized fully only now.* 

We have already used the term “living matter”, 
but have not given a comprehensive definition 
to this concept. Definitions were provided by 
Vernadsky several times in somewhat different 
wordings, but the basic meaning did not change: 
“The living matter of the biosphere is the sum of 
its living organisms’**. The concept of living 
matter existed in the natural sciences and phil- 
osophy of the nineteenth century, but Vernadsky 
applied this concept to science in 


a completely 
new way. When first encountered it may have 


* A.V. Sidorenko, V.A. Tenyakov, Sv-A. Sidoren- 
ko, “On the biological nature of the Barth sialic crust”. 
In! Pre-Cambrian, Nauka, Moscow, 1980, pp. 5-11. 

f biogeochemistry”, 


** V.I. Vernadsky, “Problems 0 
Part 2, Trans. Connec. Acad. Arts a. Sci. 35, 487 (1944), 
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seemed th 
introduce 
ess 


at the concept “living matter” did nen 
anything new and was simply unie 
ry: such terms as “life” and “organic world # 
already existed. As if anticipating these agt 
ments, Vernadsky emphasized that the wor 
“life” has a lot of meanings and nuances. , 
We are accustomed to the word “life” going 
beyond the concept of substance and sometimes 
referring to Philosophy, folklore, and artistit 
creativity (one need only recall the titles of 
novels, collections of poems, magazines, and 
motion pictures). The concept “living matter 
introduced by Vernadsky is, however, unequivo-. 
cal and requires quantitative characterization: 
“T shall refer to the aggregate of organisms 


reduced to their weight, chemical composition 
and energy, as living m 


atter”, Vernadsky wrote. 

In other words, this is the sum total of matter 
comprised in the living organisms of the Earth- 
In this Interpretation it ig important to note that 
a living organism acts only with ils energy, and 
quantity and Composition of its matter: individu- 
a organisms retreat before the grandeur of the 
Phenomena being Studied, An indis ensable attri- 
bute of living matter is the e of matter 
a a oi free energy in the biosphere 

at ens Sil s 7 ` x : H 

degree a me a and an increase in the 
ly modit II Varady ay extre 
i aPpraisals ‘and not subject to 
the pathetic element, Considered the creation 0 
the teaching abont living matter to he his calling 
in the highest sense of the word. Tn 1920. having 
scarcely recovered from a severe illness that 


nearly brought. him to the grave, Vernadsky wrote 
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in his diary: “I have begun to realize clearly 
that I am to tell new things to mankind in the 
teaching about living matter, which I am creating, 
and that this is my calling, my duty, imposed 
upon me, which I am to carry into effect, like 
a prophet who hears a voice inside him, that 
summons him to act”. 

Vernadsky fulfilled his mission honorably. 
Perelman writes: “The development of science in 
the second half of the twentieth century and 
especially of its practical requirements have 
demonstrated that, having created the concept of 
living matter, Vernadsky made a brilliant discov- 
ery which has been of tremendous importance to 
the natural sciences.” 

Of course, when he introduced the term “living 
matter”, Vernadsky did not consider this matter 
to be uniform; and furthermore, he did not con- 
sider any single compound (or group of compounds 
definitive for living matter. In “Essays of 
Geochemistry”, published several times during 
his lifetime in Russian, French, German, and 
Japanese, Vernadsky wrote: “An idea, rather 
widespread some years ago (published in 1924— 
A.L.), that life phenomena can be explained by 
the existence of complex carbonaceous compounds 
(living proteins) is irrevocably disproved by the 
body of empirical geochemical facts, since neither 
proteins, nor other carbonaceous compounds, nor 
protoplasm (consisting of a mixture of the two) 
can lead to an understanding of living matter. 
Living matter is an aggregate of all organisms. 
Its behaviour is the result of its entire matter as 
a whole. To say that manifestations of organisms 
are first of all concentrated in proteins rather than 
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sive eveen 
in carbonates, or in free atmospheric oxyg' 


s nE 
generated by them, is to contradict Tanny 
Vernadsky considered living matter to hat 
“a form of activated matter”, emphasizing yon 
the “energy is greater, the greater the mass 0 ergy 
living matter”. From time to time its en $ 
sharply increases, and colossal ger i ons i 
living matter are formed. Outbreaks of such m 
proliferations of “our smaller brethren” are descr a 
in scientific literature and in fictional wor ok 
us, Lawrence G. Green, in his excellent bo is 
“Old Africa’s Secrets”, describes mile-long ee 
of South African gazelles (Antidorcas marsuplali 
that migrated over Africa in the last century: 


Once such herd took 3 days to pass through a vil- 
lage, and gazelles can 


re 
cover 100 or even mot 
miles a day. 


North 


ation of locusts. The greatest invasion 
olorado potat 


: © beetle occurred in the 
United States in 1874. In that year, in some 
ic Coast, beet 


£ les made up a lay- 
er 50 cm thick. The situation became so serious 
that Bostonians had to abandon their town for 
a period of time, 


Vernadsky used the data of the British natur- 
ee | 


* W, Vernadsky, 


ms La 8é0chimie, 
pp. 263-264, 


Alcan, Paris, 1924s 
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who observed the annual 
the Red Sea, to illustrate 


his ideas about temporary accumulations of liv- 
ing matter. The flight of this swarm of insects 
took a whole day. The swarm occupied a space 
of 6 thousand km, and its weight was 4.4107 
tons, the weight of all the copper, lead and zinc 
that man had extracted throughout the last cen- 
tury. Unfortunately, swarms of such dimensions 
are encountered even today. For instance, ac- 
cording to recent observations in Argentina the 
flight of a swarm of desert locusts lasted 5 days. 
Swarms of locusts of up to 420 km in length and 
20 km in width are described. 

d devour all that 


all the Earth ani 
it breaks loose, the sun 


darkens and stars lose their glitter. It has the 
head of a lion, the neck of an ox, the breast of 
a steed, the wings of an eagle, the belly of a scor- 
pion, the hips of a camel, the legs of an ostrich, 
the tail of a serpent” —this passage from an ancient 
Arab manuscript seems to have been written 
specially to illustrate in artistic form Vernad- 
sky’s idea about living matter as activated 


matter. 7 
“What isa swarm of locusts from the biogeochem- 
cy Vernadsky asks and concludes: 
extremely active 


alist G. Carruthers*, 
flight of locusts over 


ical point of view 
It is, like dispersed rock, 


chemically, and found in motion”**. No research- 
proached living matter 


er before Vernadsky appre’ D 
from such a point of view. Living organisms were 
* G.T. Carruthers, “pocusts in the Red Sea”, Nature, 
44, 153 (1890). i 
** V.I. Vernadsky, 
Russian). 


Works, V- 4 Book 4, p. 92 (in 
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under the jurisdiction of the 
ment”, and it 
living matter ¢ 
explanation lies 
a specific kind. 

Let us conside 
of living matter 

1. Living matter of the bi 
ized by tremendous free ener, 
world only unsolidified lava streams are compar- 
able to living matter in the quantity of free 
energy they contain. They are, perhaps, even 
richer in energy, but quite short-lived, 

2. A sharp contrast between the living and 


of the biosphere is observed 
ical reacti 


“biological depart- 
never occurred to anyone that 
ould be regarded as rock. The 
in the fact that this rock is of 


r in brief the specific properties 
osphere is character- 
8y. In the inorganic 


as due to the action of 
President of the 
don, Awarded the 1957 
ie are Gold Medal of Lomo- 
ies tn ue of the specific features of living 
matter lies in that it carries ont chemical reac- 
a remarkable accuracy and orderliness 
Conditions than sh 
z Y purely chemica 
fiat one life Processes it ig characteristic 
causes much tl nergign Portions o: aort 
saus greater e ies and be 
masses to 
xample, the weight 
àt during one day is 
f the bira itself; some cater- 


and process daily 200 times 


of insects eaten by a tomtit 
equal to the weight o 
pillars consume 
their own weight 
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3. A distinctive feature of living matter is 
that the individual chemical compounds of which 
it is composed—proteins, enzymes, etc.—are 
stable only in living organisms (to a considerable 
extent this is also characteristic of mineral com- 
Pounds which are part of living matter). As 
Friedrich Engels wrote, “death is... the decom- 
position of an organic body which leaves no 
trace, except the chemical components of which 
it was formed”*. 

Sometimes one must be “skillful” in order to 
preserve the external skeleton. Thus, mollusks 
living in acidic waters in which the substance of 
their lime shell may “be easily dissolved, coat 
it from the outside with chitin. “We know of only 
one state of mineral substance completely pro- 
tected against dissolution in water: this is the 
State of living organic matter”, Academician 
V.R. Williams emphasized. 

4. “Spontaneous movement, to a great extent 
self-regulated, is @ common property of every 
living natural body in the biosphere.” ** Vernad- 
sky distinguished two specific forms of motion 
of living matter: (a) passive, stimulated by their 
proliferation and inherent to both animal and 
vegetable organisms; and (b) active, engendered 
for the purposeful transference of organisms 


(characteristic of animals and, to a lesser extent, 
plants). 
ving substance 


The passive form of motion of li su 
was aptly characterized by N.V. Timofeev- 


* K. Marx and F. Engels, Works, V. 20, P- 610. 
“problems of biogeochemistry’ % 


** V.I. Vernadsky, 
Part 2, Trans. Conn. ‘Y> ad. Arts a. Sci, 35, 502-503 (1944). 


7—01293 
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Resovsky: “One of the major manifestations, of 
life resides not in the growing up of the TE 
organism, but in the multiplication ol Le 
number of elementary individuals. In this = 5 
a certain elementary ‘entity creates anot. a 
entity similar to itself and separates it mo i 
itself, thus giving rise to a new individua in 
Here the dispersal of individuals or of ae 
germ cells (e.g, , Spores, seeds) is effected by T 
forces of nonliving nature (wind, flowing wate 
or by other actively moving organisms. 6 
Living matter tends to fll all available span 
(within the limits of the globe, and, as regards 


he property of maximi 
expansion is inherent to living matter in th 
Same manner as it is char, 


y in the second gener 
S would exceed th 

ur planet by 800 ti 

ku J ion es ance, 

distinguished by Vernadsky, mae 

It is characterized by the self-transference 0 

organisms which disperse in 
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an encounter between the sexes and reproduction 
of the species. 

R oe A . 

5. Living matter displays considerably greater 
morphological and chemical diversity than non- 
living matter. The difference between a virus 
and, say, an African elephant, is much greater 
than between any of the most contrasting represen- 
tatives of nonliving matter. The chemical com- 
Position of living matter is strikingly diverse. 
More than 2 million organic compounds are known 
to enter into the composition of living matter, 
while the number of natural compounds (miner- 
als) of nonliving matter is only about 2 thousand 
that is, three orders of magnitude smaller. More- 
over, in contrast to nonliving abiogenic matter, 
iving matter is not represented by the liquid or 
gaseous phase exclusively. Bodies of organisms 
are built from substances that are in all three 
Phase states. However, despite all the diversity 
of the composition of living matter, the entire 
organic world of the Earth is noted for a surpris- 
ing biochemical unity. All modern living organ- 
isms are built up mainly of proteins comprising 
the same amino acids, transfer hereditary infor- 


i "i J 
mation along one and the same route (DNA > 
use one and 


+> RNA = protein) and, moreover, 
the same Penano co e. The establishment of 
st fundamental discov- 


this unity is one of the mo 

cries of biology in our tine. To quote A. Szent- 
Györgyi, “Man does not differ so much from the 
grass growing under his feet”. From our childhood 
we remember Mowsli’s cry addressed to all the 


living: “We are of the same blood, you and IY”. 
_ 6. Living matter is represented in the biosphere 
in the form of dispersed podies—individual 


7* 
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à in 
organisms. The “living ocean” of Stanislav a 
his novel “Solaris” remains science fiction. a 
dimensions of individual organisms vary fro ő 
20 nm (the smallest viruses) to 100 m (the po 
is over 10°). The largest organisms that Io 
ever existed throughout geological history pee 
encountered today: among the animals these bins 
whales and among the plants these are seguo? 
According to Vernadsky, the minimum and max 


mum dimensions of organisms are determined | a 
the possibilities of their gas exchange with 
medium. 


7. Being disperse, living matter is never found 
on the Earth in a morphologically pure form, 


l.e., as a population of organisms of one po 
it is always represented by biocoenoses. This 
seems to contradict our 


everyday experience: w 
know pure pine tree woods where nothing ho 
e have seen bird colone” 
e kind, e.g., sea-gulls) © 


c 
seas. But tl n deserted shores of re 
ut this monotony onl appears as suc 
= N.V. Timofeev-R ps 
th 


n 
i esovsky points out, “eve 
e most simple biocoenosis of some dry pint 


is a community consisting ° 
w it y consist’ ng, 
approximately a thousand species of living 


onat Se 
organisms”. Pine Woods could not exist were it 


not for the decomposition i lles» 
of ed 
branches and trunks þ thig decaying ne 


s f: nisms 
and for the return of minel ee the 
biological cycle. Sea-gulls and sea lions could not 
live were it not for their “canteen” located neat 
S 


* N.V. Timofeev-Re 


sovsky, “Bi man”, 
Pirla 6, UA (1970). y losphere and 
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by, i.e., the sea with whose it i 
Cs, a wit rhos habita 7 
Eo a unified ecosystem. Staats: Say 
igen Swedish naturalist Carolus Linnaeus 
asa] 8) was, probably, the first scientist who 
of T 4 understood the systemic organization 
ERN iving on the, Earth. He presented his 
titled a the subject 1n 1749 in his dissertation 
Adra economia naturae - Having first drawn 
life apai and, it would seem, chaotic picture of 
ofhi n our planet, Linnaeus, who was much ahead 
oe time, managed to put all things in their 
oe tee a surprising accuracy: Having con- 
cn wes the rules of nature, We, In the first place, 
Hi rstand that plants are the first, most numer- 
an and main inhabitants on the Earth, but they 
e ruled over by insects and other animals, above 


whi 
which other predatory creatures are also placed 
d they in turn are also subor- 


which are still less nu- 
1 


merous than the former- 
edi, “all the living from 


, 
ig AREER h we have already spoken, 
istinctive feature of living matter. Living 
rth in the form of the 
cont nge ations. Owing to this, 
aa ae matter, which is character- 
toneris: continuous T proves to be 
the tically connected tter of all 
bonito geological epochs. In contrast to this, 
Rom ving abiogenic matter comes to the biosphere 
the PAER space or comes out in portions from 
ao oe envelopes of the Earth. These 
Simila e portions may be formed as a result of 
other r processes and, thus, be analogous to each 
in composition, although generally they 


i S 
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have no genetic connection with each orner, 
9. The presence of an evolutionary process a 
characteristic of living matter. The reproduct10! 
of living matter occurs not by way of “stamping ! 
i.e., the absolute copying of, preceding gener 
tions, but through morphological and biochemir 
changes which are sometimes slow and somel m i 
more rapid (in the geological sense!). In additi 
a purposeful evolutionary process is characteris a 
mainly of higher organisms, whereas nren a 
organized in a more primitive manner—procaty © 
tae—are conservative in their structure. Jt is } 


fact the presence of the evolutionary process Be 
the case of higher or, 


ganisms’ that makes 1 
possible to determine the organism’s geologic! 
age from fossil remains. e 

Nevertheless, among the higher organisms the” 
are such over which time seems to have no power 
They are our Contemporaries, but their close’ 
ancestors lived in remote geological epochs. , 
Popular science literature they are called “Living 
fossils” and in the Scientific literature they a! 
called “persistents”, The name was suggested bY 
the German scientis ilser and derived {ro™ 
the Latin “persisto” and firm. At present the 
Pest-known persist , without a doubt, tha 
obefin fish L or Coelacanth, a 
predecessor of l vertebrates. This fis 

ec tinct at leas 
Tree ot DE Sn Oe ak 
mas Eve of 1938, when the nets of South African 
fishermen for the first time caught a specimen A 
our ancestor alive, which had stubbornly resist? 
extinction. Paleontologists should be credite 
that the fish corresponded to the reconstructio™ 
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they had made from the fossil skeletal remnants. 

Another well-known “Jiying fossil” is the 
Komodo dragon. The Dutch pilot, who was the 
first to see this dragon in 4944 during a forced 
landing by his plane oD Komodo Island, was 
nearly dragged into a lunatic asylum after his 
return to his native country: SO improbable 
seemed to be the description he gave. 

There are persistents among plants too. The 
most. striking example here is the ginkgo tree 
(from the Japanese “ginkyo”, silver apricot). 
Nowadays one can find ginkgo trees mainly in 


botanical gardens, whereas at one time its closest 
forests in the Jurassic 


relatives made up thick raS: 
period (which is separated from us by 450 million 
years!) 

Persistents exist in the soil as well. In the 
upper Jurassic coal measures of the Bureya Basin 
the paleobotanist V.A. 
gist D.A. Krivolutsky found remnants 0 
mites, many of which proved to be identical to 
contemporary ones! 
+40; a damien B. Polynov (4877-1952) 
emphasized yet anot 
matter as follows: “ 
of living matter, corresP 
moment, cannot give a! 
amount of it that carried ou 
entire time of the existence 0! 
Essentially, the mass of the biogenic ; 
metabiosphere is the integral of the mass of the 
living matter of the Barth with respect to geolog- 
ees rks, Publishing House of 
the TER Polynov, Se ences Moscow, 1956, p. 437 
(in Russian). 
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» while the mass of the ee 
abiogenic matter of terrestrial originisa ye 
value in geological history. One gram of Arc e 
i remain 1 g ‘of the sa 3 
ual mass of living mante, 
will have existed for ie 
g nges of generations an snd 
this time will have been carrying out eas a 
of matter, processed by livi 


Specific kind of rock... a 
me time, an eternally you 5 

rock. A rock which creates itself and destroy! 
itself to appear again in new generations in one Se 
its innumerable forms. The Phoenix of ancien 
egends, 

As any subject of s 
matter should he 
« 


] a species, etc.. an 
heterogeneous living’ matter, like a forest, ‘f 
Steppe, or any biocoenosig at large, consisting 2 
different kinds of homogeneous living matter 1” 
Specific Proportions” + nd if heterogeneous liv- 
ing matter, as Vernadsky understood it, corres- 


: Faas e 

ies y torm livin matter at th 

me the Species Vernadsky suggested the us? 

“© Quantitative +. : i aa 

e indices: (a) chemical co 

Fi Vernadsky “Probl i f 

A ë y stry s 

Part 2, ane Conn, cad. Area Ser. E ae OE, 

a biogeochemjo adsky, “A Plea for the establishment © 

Sya O8eochemica] laborato; Fih Marine Biological 
Station of Port Erin Ann, Rep., 1923 37, 38-43 
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Position: 
‘Weight (b) average 
0) av of organisms; and 
which oe rate with 
entire ey populate the 
globe. surface of the 
a eels as 1918, Ver- 
eb plane to 
the s for investigating 
tion a emical composi- 
Solve ee matter. To 
recruit ry problem, he 
Profe ted the biochemist, 
(874 10 V.S. Sadikov 
nu 1-1942), his 
merous pupils, and also 


«P. Vi 

1975) nogra doy, 95- vladimir Sergeevich Sa- 

, who had only then dikov (Photograph by 
i courtesy of N.V. Sadi- 


e z 
a his career (their 
ties on the inves- 

ion of living matter 
. The technique for the 


kova.) 


bi published in 4924)* 
pa ea analysis of living matter was elabor- 
by Sadikov. 
ations into the chemi- 


igs extensive investig 

ane composition of: living ™ 
USSR the Biogeochemica 

by V Academy of Sciences . 

ah ernadsky in 1927 in Leningrad ( 

oratory was transferre to Mose! 

e Plankton 


natter were carried 
Laboratory of the 


BIOGEL), set up 
in 1934 this 


s 

na as “Analysis 0 th 

“katerininsky Pond at Detskoye 
“Untersuchun- 


* W.S. Sadikow, A.P. Winogradow, 
des Jebendigen Substrats + 


Zen über die Zus 
i ammensetzung 
Biochem, Zeit, Bd. 150, H5/6, SS, 372-391 (1924). 
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Young research workers of BIOGEL; the last on the 
right is A.P. Vinogradoy te 


Some Contemporary Echino- 


e o further 
developed by Vione research was fi 
who became Director of BI 
sky’s death, 
In the late thirties anq . s v 
; early forties Vinogrado 
Published an extensive report “The Blementary 
Composition of Marine Organisms” (which was 
igggyeted and published ir the United States in 
1953) ` Įnvestigations of living matter “by 
measuring and weighing” are s+; : , At 
present non-unifor still going on 


m rather than uniform living 
E 


* A. P. Vinogradov The Elemeng aona 
Marine Organisms, New Haven, 195; ary Compositi 
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matter is the subject of investigation, mainly, 
the biomass and productivity of various ecosys- 
tems and, on the basis of these data, of the 
biosphere as a whole. 
_ Vernadsky approached the classification of 
living matter from a geochemical point of view. 
Moreover, he based the classilication of organisms 
on the difference in type of nutrition, elaborated 
in the 1880s by the German piologist Wilhelm 
Pfeffer (1845-1920). Vernadsky wrote: “We shall 
call autotrophic all organisms which obtain all 
the chemical elements necessary for their life in 
the contemporary biosphere from the inert matter 
surrounding them, and do not require ready 
organic compounds of another organism for the 
construction of their body”*. This term is derived 
from the Greek roots “autos”, self and “trophe”, 
nourishment. These are the “nourishers” of the 
biosphere. They not only eat, but feed others. 

Pfeffer called organisms that require for their 
nourishment living matter formed by other 
organisms heterotrophic. “Heter” in Greek means 
“other”, “different”; hence, heterotrophic organ- 
isms are those feeding 0” others. Organisms that 
take in a mixed type of nourishment also exist. 
Pfeffer called them mixotrophic organisms (from 
the Greek “mixis”, the act of mingling oF mixing). 
Examples of a mixotrophic organism are insec- 


tivorous plants. y à 
Autotrophic organisms which use sunlight as 
the source of energy are called “photoautotrophic” 
(from the Greek “photos”, light). In addition to 
light, carbon dioxide and water, these organisms 
* W. Vernadsky, Za biosphère, Alan, Paris, 1929, 
p. 123. 
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P r 
require other elements of mineral nutrition = 
carrying out photosynthesis, such as an 
phosphorus, potassium, and silicon. Tulus vi 
Liebig (1803-1873), the famous German c o 
founder of agrochemistry, was the first to dem salie 
rate the mineral requirements for plant nour als 
ment. Terrestrial plants obtain these os hee 
through their roots from the soil, whereas a nal 
and Photosynthesizing bacteria (even such typ 
exist!) get them from water. ihe 

et, photosynthesis turned out not to be Te 
only way that primary organic matter could 


formed from inorganic matter. In 4889-90 the 
great Russian microbiologist S, 


radsky I tizing properties a 
nitrifying organisms in the 
kr evelopment in 
in the presence of an inograni hich 
ser a anic substance, wh 
can be oxidized; g mee i 
2. All t i 


source of energy; 


Yo need for organic nutrition as a source of 
structural material and energy”, 
soe 
Recherches s 
Inst. P 


£S Winogradsky, ur les organismes de la 
nitrification. II.—Ann. 


asteur, Paris, 1890, v. 4. 
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E The phenomenon discovered by Vinogradsky 
received the name chemosynthesis, and organisms 
that carried it out were called chemoautotrophic 
organisms. Later, various bacteria were discovered 
that were capable of obtaining energy from 
oxidation of the most diverse substances, such as 
hydrogen, methane, carbon monoxide gas, some 
compounds of iron, sulphur, and even antimony. 
Thus, a whole world of chemoautotropic bacte- 
ria has already been discovered, which play an 
essential role in the cycling of matter in the 
biosphere. 

As we shall learn in the next chapter, wonder- 
ful ecosystems were recently discovered in the 
depths of the ocean, where the primary producers 


of organic matter are idize abyssal 


bacteria that ox! 
hydrogen sulphide. Moreover, some cyanobacteria 
(blue algae) are also capable of chemosynthesis™, 


and considering their contribution, the role of 
chemosynthesis in the formation of the primary 
biological products of the World Ocean may be 
quite significant. i 
_ As already stated, heterotrophic and mixotroph- 
ic organisms cannot synthesize organic substance 
on their own, but they use it in its ready form. 
Among the heterotrophs three categories © 
organisms can be distinguished: necrotrophs, those 
killing the object they feed on; biotrophs, those 
Parasiting on it; and saprotrophs, those feeding 


on dead organic remains” ’- 


* E. Broda, The Evolution of the Bioenergetic Process, 
Oxford, Pergamon Press, 1919 as 

** J M. Anderson, Ecology for Environmental Sci- 
ences: Biosphere, Ecosystems and Man, London, Edward 
Arnold Ltd., 1981. 
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g. 4. Trophic Pyramid of matine e 
illustrate losses of energy occurri Á ition from 
lower to higher trophic leves ne With transitio 


s 
cosystems (number: 


In developed ecosystems there exists n com- 
plicated food chain 


(otherwise called trophic 
chain), and consumers o autotrophs, in their 
turn, become victims, “The beetle ate grass, the 
bird pecked the beetle, the ferret supped the 
bird?”—such are three links 


l in the food chain of 
biotrophs, as depicted by N. Zabolotsky. 
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` An aggregate of living organisms dependent on 
similar nourishment is called a trophic level. 
Organisms of any level of the trophic pyramid feed 
on living matter of the lower-lying level. The 
lowest trophic level (in other words, the base of 
the trophic pyramid) consists of autotrophic 
organisms. On the average, only about 10% of 
energy is transferred from one level to another. 
(Fig. 4). The rest of the energy is either converted 
into heat and dissipated, or (most often) is not 
assimilated at all. The great French physiologist 
Claude Bernard (1813-1878) wrote: “Life can 
only exist where there is both synthesis and 
organic destruction”. In the presently existing 
terrestrial ecosystems, the weight of the living 
matter of heterotrophs is hundreds and thousands 
of times less than that of the living matter of 
autotrophs (in forests, for example, it is 2000 
to 5000 times less): As a result, necrotrophs and 
biotrophs fail to cope with their food resources, 
and the major part of the products of living 
matter dies off. The dead organic products and 
products of the metabolism of biotrophs are con- 
sumed by a whole army of various saprotrophs 
which completely decompose these substances to 
the following mineral compounds: carbon dioxide 
gas, water, nitrogen, and mineral salts. 

“When the god Anu created heaven, heaven 
created the earth, the earth created rivers, 


rivers created ditches, ditches created slime and 
slime created the worm, the worm looked at the 
appeared before the 


sun and cried, and his tears 
face of the goddess Bi. 

“What do you give me as fi 
worm asked. 


ood and drink?” the 


3 s 
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“I shall give 
fruit of trees.” 


Such is, according to the Babylonian cuneiform 
text, the origin of Saprotrophs on Earth; they ri 
only protect the biosphere from poisoning mees 
(many of the decomposition products of dead ie 
ganic remains are extremely toxic) but also, 


8 Š „arbor 
breaking down organic substances, return carbo 
and nitrogen to the mi 


only form of these el 


by autotrophs. lt is characteristic that while 


a mixture of food consisting 
es (proteins, fats, sugars z 
starch), saprotrophic bacteria and fungi, in tue 
Presence of a source of nitrogen and mineral oa 
ments, can be Satisfie with a single organi 
substance, for example, Protein or sugar. They, 
easily decompose biogenic organic substances ° 
both vegetable and animal origin. Moreover, they 
can deal with man °rganic materials created bY 
man such ag plastics or naphthalene Polyethylen® 
Presents great difficulties, ba fe ee polyett 
ylene is expose . AS 
ria ve use it as well violet LR aas 
ie ; ae 
tion of aulotropie Slem is made up of con an 
experiment was aa a peter the 
abiiy ot wc’ ecosystems, Thirty six differ- 
ent combinations of autotro hs (microscopi 
algae) and Saprotrophs p i 
were sealed in test t 


e 
you as food rotten wood and th 


, is etiment lasted for thre? 
years. During this Period 20 of the ecosystems 
Proved to be incapable of self-maintenance. The 


remaining 16 developed Quite adequately. The 
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biomass of the autotrophs in them ranged from 9 
to 99% of the total, and that of the saprotrophs, 
from 1 to 10%. In the viable ecosystems, the 
Saprotrophic unit consisted up to 90% of some 
single dominant species; in most cases these 
species were bacteria from the group of pseudo- 
monads. 

The well-known Soviet physiologist and Aca- 
demician Ugolev defined the tasks of a new 
science—trophology- According to his defini- 
tion, “the subject of trophology is the regularities 
of assimilation (that is, of the absorption and 
incorporation of substances necessary for life) at 
all the levels of organization of biological sys- 
tems, from the cell, organ and organismic, to the 
Populational and planetary.”* In accordance 
with the basic concept of trophology,. each kind 
of living organism of the biosphere uses definite 
sources of nutrition and, at the same time, serves 
as a nutritional object for other kinds of organ- 


isms. Living organisms must have a definite pha- 
gicity, i.e., be a source of food for another organ- 
ism, and a definite trophicity, i.e., have nutri- 
tional properties and be assimilable. Such an 
approach leads to the paradoxical conclusion that 
there exists a mutual adaptation of so-called 
trophological partners. Figuratively speaking, 
the victim must not run away too fast from its 
predator, and the predator must not devour it 
too easily. Only in this case will predators feed 
Predominantly on ill, defective and ageing mem- 
bers of the population, and the population as 


* A.M. Ugolev, “Trophology—a new interdisciplina- 
golev, “Tropas R 1, 50 (1980). 


ry science”. Vestnik AN SSSR, 
8—01293 


F s 
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: . t 
a source of nutrition will be maintained @ 
a specific level. E e 
The British ecologist D. Owen* prosents 1 
view that in the course of evolution there an 
place a mutual adaptation of il aa 
heterotrophs, and that the traditional me 
Concerning the perfection of the protective m ting 

nisms of the “one being eaten” against the “eat 
one” must be radically revised. illi- 
Thus, these new approaches confirm the br a 
ant insight of Vernadsky concerning the Er, 
integration of life within the scope of Oe sa 
sphere. The concept of interspecific competi "ing 
i last century, is pong 

{the mutual adap 


Panfilov suggested that liY 
ing matter should be 
according to quite a 
distinguished betwee 
and somatic livin 


* D.F. Owen, “How Plants may benefit from the 2°” 
mals that eat them”, Oikos, 


35, 2, 230-235 (1980). 
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“Who is who” in the biosphere? Let us try to 
combine two approaches to living matter, the 
functional and the biological (systematic). 

Life in the biosphere exists in cellular and 
extracellular forms. Viruses are representatives 
of the extracellular form of living matter. They 
were discovered in 1892 by the famous Russian 
scientist D.I. Ivanovsky (1864-1920), who, inci- 
dentally, was of the same age as Vernadsky and 
was his friend at Petersburg University. 

Viruses are so original and so different from 
anything else, that one of the leading paleontolo- 
gists of our time and Foreign Member of the 
Academy of Medical Sciences of the USSR André 
Lvoff gave the following exhaustive definition of 
viruses: “A virus is a virus”. 

In contrast to cellular organisms, viruses are 
devoid of irritability and have no protein- 
Synthesizing apparatus of their own. They are 
incapable of independent existence and develop 
only in the cells of other living organisms (cellu- 
lar ones) such as þacteria, plants, animals, and 
human beings. In fact, viruses arè merely a sub- 
system in an integrated “yirus-cell” system; meta- 
bolic functions within the scope of this system 
are carried out entirely by the cell; consequently, 
the virus never has direct trophic connections 
with its environment. It does not feed on any- 
thing, in the usual sense of this word, neither does 
it grow. 

One might think that viruses are the most 
primitive organisms but their genetic apparatus is 
strikingly diverse. In this cardinal attribute the 
differences between the poliomyelitis and small- 
pox viruses, for example, are much more essen- 


Re 
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tial than those between bacterium and man. T on 
is a tremendous world of extracellular os 
According to the unanimous opinion of scientis sip 
this world was formed by way of a peculiar dege 
Neration of cellular organisms. 


i ka soi tling 
Viruses are a Scourge to all the living. Settling 


a ¥ itu : 1e 
in living cells, they cause illness and often ine 
death of the host organism. Viruses are reso 
sible for more than 


half of all human diseases 

including influenza, measles, mumps, chicken 
Pox, and German measles, The most terrible dis 
Seases are also among those caused by viruses, @-8+? 
cancer, AIDS, hydrophobia, infectious hepatitis 
and forest-spring encephalitis. It is believed that 
during the average lifespan of 70 years, man is, 0” 
the average, ill with viral diseases for 7 years, 
Mankind’s struggle against viruses is hinderet 
because of their extremely small dimensions (0? 
the average, viruses are 109 times smaller than 
bacteria and can be directly visualized only 
under the electron Microscope) and remarkable 
stability to environmental conditions. Some VY!" 
Tuses can withstand boiling for half an hour and 
short-term treatment With conventional disin- 
With alcohol or phenol. Such v~ 


killed by super steam ât 
i y superheated stea 
igh pressure or by ultraviolet mass 


_Like all other Organisms, viruses perform a spe- 
ciiu function 1 the biosphere. By causing severe 
diseases in livin, organisms, viruses eliminate 
the weakest indi id allowing the most 
- Viruses, to a great extents 
effect natural Selection in the biosphere. 

Let us now consider cellular forms of life. At 
Present several systems of classification exist- 
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Rabie 2. Macrosystem of Cellular Living Organisms* 
and Their Role in the Biosphere 


Role in biosphere 


Macrosystem of living orga- 
nisms** AutoLlrophs 
Hete- | Mixo- 


Photo- |Chemo- ro- j| trophs 
trophs 


şuper-| ring- 

done doms gubkingdoms | trophs trophs 
D > 

Vos Schi- | Bacteria (eu- 

aan zophy-| bacte ria) , + + + + 
es jtes Archaebacteria + + + + 


Cyanobacteria 
Cyanophyceae 


or “blue-green 
algae”) + ft. — J 
Plants| Lower plants ; i 
(algae) A- — 4 As 
Higher plants + m + $ 
Ew T 
cary- | Fungi] Lower fungi 
oles (myxomyceles — — + 
Higher fungi — zap + A 
Ani- | Protozoa — + + 
mals | Metazoa — — + = 
symbiotr ic anisms. 
THe symbiory y oih supplements 


* Without acci 4 
«® After A.D. ‘pakhtadzhian ( 
after V.I. Duda (1984) 


We shall mostly use the macrosystem suggested 
by Academician Rea Takhtadzhian*, with some 
achievements 


refinements in light of the latest 


(Table 2). 


* A.L. Takhtadzhian, 
The Large Soviet Encyclopedia, 
pp. 1386-1391 (in Russian). 


The System of Organic World.— 
3rd ed., 1976, vol. 23, 
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; er- 
According to this system, there are two HE 
aie s a 
kingdoms of cellular organisms: procaryote: 


n 
eucaryotes. The main difference between en 
is the absence of the karyon (i.e., the cell nuc 


IN A 
7 TT 


MN 


—Uranium— — _ 


in procaryotes (Fig. 5). In Procaryotes there is no 
differentiation between Somatic and reproductive 
living matter, 


procaryotic cells. 
by Antony van 
» also the inventor 0 
E Century later, Carolus 
Systema Naturae” grouped al 
vered by that time (as well ae 
organisms) into the “chaos”, 

* Letters in Antony van Leeuwenhoek and His Little 
Animals, by C. Dobell, New York, Russel and Russel; 
958, 


overed in 1683 
Leeuwenhoek * (1632-1723 


the microscope, Half a 
Linnaeus in his “ 


the bacteria disco 
all other micro 
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which had been the pleasure of God to create and 
the purpose of which was not clear to man. For 
contemporary man, bacteria are also associated 
with the most unpleasant phenomena—high tem- 
perature, chills, swamp fever, etc. However, only 
0.1% of all the bacteria existing on the Earth 
cause diseases in man (and man battles them 
much more successfully than viral diseases). 
André Lvoff justly remarked that we should not 
be angry with bacteria, since if not for microbes 
there would be no life on the Earth and there 
would be no microbiologists! There is no exag- 
geration in this joke: bacteria perform necessary 
functions in the biosphere. Man began making 
use of bacteria before even suspecting that they 
might exist. Industries based on the vital activ- 
ity of bacteria such as wine-making, brewing, 
bread-baking, and cheese-making date as far as 
several millenia BC. A long time passed before 
the brilliant discoveries of Louis Pasteur enabled 
us to understand the role of bacteria in these 
industries so familiar to mankind. 

Among all the living on the Earth the subking- 
dom of bacteria holds the record as to the diver- 
sity of its feeding behaviour. It is the only sub- 
kingdom which has representatives of all five 
types of feeding behaviour. 

There are approximately 50 species of photo- 
autotrophic bacteria on the Earth. In contrast to 
all other organisms, bacteria do not evolve 
oxygen during photosynthesis (but we can pardon 
them that!). Bacteria, along with other proca- 
ryotes, are the most ancient photoautotrophic 
organisms on our planet. Photosynthesis in 
bacteria occurs in a fundamentally different way 
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than in plants and with 
the aid of a different 
pigment, bacteriochlo- 
rin. Photosynthesizing 
bacteria may sometimes 
wield a considerable 
amount of products: ag" 
cording to the data repo" 
ted by V.M. Gorlenko, 1? 
some lakes these bacteria 
account for up to 75% 0 
all primary products. 
Photosynthesizing baoit 
ria are found in both 

fresh and salt water- 
The main role of bacte- 
Nikolai Ivanovich ap. Tia in the cycling Ee 
drusov (Publ. in ‘the matter in the biospher 
uss. ed. of “TBB”,) is two-fold: (1) decom- 
position of dead ose 

5 i matter, and the re 

f A elements to the biotic cycle 
y bacteria in th art of this work is performe? 
continuous inlimentary tract of metazoans); 

ash elements and Toduction of new portions 0 
s early as the ond. “togen into the biotic cycle- 
drusoy (1861-1924) of the last century N.I. an 
ineralogy at Sac extraordinary Professor 0! 
became an academic’ University, who late! 
geologist to malma oai Was the first Russia? 
biosphere, "Bacteria he role of bacteria in the 


> evident] I <isted oP 
the Earth for a long time. The a ae 
they play in the cy m 


cle : T 
and carbon makes the of sulphur, nitroge 


ife of the organism$ 
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inconceivable without them”, he wrote.” 

The significance of nitrogen fixation from the 
atmosphere in the biosphere can be compared only 
with autotrophic assimilation of carbon dioxide 
gas. From the general biological standpoint 
nitrogen is more valuable than the rarest noble 
metals, but only bacteria (and cyanobacteria 
considered below) are capable of fixing atmospher- 
ic nitrogen in their bodies and thus of intro- 
ducing it into the biogeochemical cycle. 

The functions of bacteria in the biosphere are 
so diverse that, in principle, ecosystems may 
exist, in which living matter is represented exclu- 
sively by bacteria, part of which may belong to 
autotrophs and another part, to heterotrophs. 
Only procaryotes are capable of such an autono- 
mous existence in the biosphere. 

Bacteria are ubiquitous in the biosphere. The 
Dutch microbiologist Martin V. Beijerinck (1851- 
1931) formulated the following postulate which 
is now named after him: “Bacteria develop 
everywhere where there are the conditions for 
their existence” (of course, they do not develop 
by spontaneous generation; the principle ol 
Redi is operative here as well). Recently, viable 
bacteria were even found on the Moon, where they 
had been brought from the Earth by some previ- 
ous spaceship. 

The world of procaryotes still harbours many 


secrets, and new methods of research sometimes 


lead to unexpected discoveries. 


__* N.I. Andrusov, “Bacteriology and geology, their 
interrelationships”, Sci. Papers of the Imperial Yuriev 
University, 1, 19 (1897). 
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A major event in the modern natural sciences 
was the discovery of a fundamentally new group 
of organisms* named archaebacteria (to avol E 
confusion, all the other previously known pacte 
ria were given the name eubacteria). Withou 
going into detail, the cells of the archaebacteria 
can be said to relate structurally to the procary” 
ote type, but differ sharply from all other living 
organisms in their biochemical composition: 
About 40 species of archaebacteria are know!" 
that belong to 25 genera, 

The archaebacteria y 
ing nutrition. They i 
autotrophs (in the latter, 
sorbed not b 
by bacteriochlorin, as 


ons. They even inhabit so! 
kk A 
fataras (vents of sulphurous volcanic gases) 


habitats that fit the Christian notion of hell. 
ging from 85 to 105°C ar? 
anaerobic sulphurous archaebacte 
* CR. Woese, “Archaebacteria”, Scientiie America” 
244, 6, 98.123 (1981). bacteria”, Scientific Am 
** A, Segerer, K.O. Ste 
trary modes of chemolithot 
terium”, Nature, 313, 600: 


optimal for the 


tter, and F. Klink, “Two oor 
trophy in the same archaeba 
5, 787-789 (1985). 
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ria. Aerobic sulphurous archaebacteria (discov- 
ered in 1981-1983) flourish in a medium with 
hydrogen ion index (pH) of about 4, while halo- 
bacteria prefer dwelling in water in which the 
sodium chloride concentration reaches 20-30%! 

Biochemical data allow us to assume that the 
archaebacteria are a genetically independent 
subkingdom (or even kingdom) not related in 
any way to the eubacteria*. They are evidently 
very ancient organisms. At any rate, they ap- 
peared not later, and perhaps earlier, than the 
eubacteria (which is exactly why they have been 
named archaebacteria, from the Greek root 
‘archaeo” —ancient). 

Cyanobacteria constitute the third subkingdom 
of procaryotes. In their viability they can com- 
pete only with bacteria and archaebacteria 
(cyanobacteria are found even in atomic reactors). 
Tn 1883 all living matter on Krakatao Island was 
destroyed by an eruption, but three years later 
cyanobacteria were found growing on volcanic 
ash and tuff. Cyanobacteria were the first to 
return to the ill-famed Bikini atoll after the 
American atomic weapons tests. Cyanobacteria 
also were the first settlers on the barren rocks of 
the Island of Surtsey which came into being in 
1963 as a result of the eruption of a submarine 
volcano to the south of Iceland. Cyanobacteria 
are encountered everywhere: on land and in the 
ocean, in hot springs and on the snow- They thrive 
in the Antarctic, in polluted water bodies or 
in arid deserts. The olive-coloured slimy film 


* R.A. Garrett, “The uniqueness of archaebacteria”, 
Nature,’ 318, 6043, 233-235 (1985), 
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that covers the beach stones washed by waves il 
home for colonies of cyanobacteria. The pak 
green “leaves” or balls which overcrowd baat 
water reservoirs at the time of their “bloom ee 
also cyanobacteria, Their lavish development a 
water bodies contaminated with nitrogenous ne 
pounds which came from fields is a serio 
contemporary problem*. : is 
Cyanobacteria are quite diverse in their aa 
phological features, Monocellular, colonial ane 
filamentous representatives are found omora 
them. One of the species of ancient eyanobacter!? 
is named after Vernadsky: Oscillatorites Wernat- 
skii Schep. About a hundred species of cyanobac 
teria are capable of fixing atmospheric nitrogen 
They do not require soil nitrogen; therefore they 
are able to inhabit such places where there is ? 


p ark 
soil; such as barren rocks, snow, and the bar 
of trees. 


In his famous “Systema naturae” (“The Syston 
of Nature”) (1758) Carolus Linnaeus wrote: eyrne 
would believe that Such beings as fish can ak 
present in water if we did not see them with ou 
own eyes.” These words are no less applicable t0 
Cyanobacteria, 9 

_ What is the biospheric role of cyanobactert™ 
Evidently, it Consists in preparing the previous 1 
barren substrate for Population by heterogeneo"! 
Yanobacteria are the pioneers- 
According to the 


: observations of V.O. Tauson: 
in the highlands of the P 


: 3 rauca 

i Pamirs and of the Cau ja 
Sus, Cyanobacteria along with nitrifying bacter 
Se. 


Sins aay Scien” 
utrophication”, Amer, Sci 


* G.E. Hutchinson, “Th 
tist, 61, 3, 269-276 (1973) 
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ich does not trouble itself with 
In the world of plants, 


Indian mpe e plant wh 


photosynthesis (From: T. Went, 
Moscow, 1972, p- 456.) 


form black-coloured thin crust on stones. If 
one scrapes the crust from the rocks, one can see 
small insects—Collembola—which process the 


remains of bacteria and cyanobacteria. This 
triad creates soil on formerly barren rocks. 

_ It turns out that procaryotes, the most primi- 
tive organisms on the Earth, having no proper 
karyon, are in the vanguard of the conquest of 
living space and, by their activity, prepare the 
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soil, both in the direct and figurative sense, 
or more developed ecosystems. They, the progary 
otes, can live without us... But we, can we do 
without them? 


very age creates its own myths. They also 
appear in our time. 
press made a sens 
activities of 


350-300 °C in 
and eubacteria) at temperatures of 250-300 °C it 


which proved that 
proteins and nucleic acids 


cannot function a 
temperatures of 250-300 °C, and evidently th 
Coacervations formed by the products of therm@ 
destruction of the dea 
ously taken to be bacterial cells, There was 1° 
Sensation... But 105 ° —the authentically estab- 
lished limit to date for the existence of viable 
Tecord result surpassed bY 
Sphere, pa 
hus, procaryotes display a remarkable abilitY 


, : en in the atmosphere an 
without nitrogen in the soil. one the 
et superkingdom orita 
S—do not such w 
erfu Properties. deine 
Sucaryotes are Morphologically quite diverse 
p $ uite dl 

ranging from microscopic Bnei A man! Three 
eae ail 

* A.E. Walsby, “Bacteri oc”, Na- 
ture, 303, 5916, 384” (1983). 12 that grow at 250 i 

** R. White, “Hydrolytic Stability of biomolecule 
at high temperatures and it: 


s implicati ife at 250 °C" 
Nature, 310, 5976, 430-495 (1984). TOn for life a 
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are distinguished among them: 
plants, fungi and animals. Each kingdom performs 
a definite function in the biosphere. 

All plants, with rare exceptions, are autotrophs, 
in fact, specifically, only photoautotrophs. Pho- 
tosynthesis takes place due to the presence of 
a specific magnesium-containing pigment, chloro- 
phyll, in the cells of the plants. 

Proper algae are rather diverse in both their 
structure and size (from unicellular Eugleno- 
phytae to fifty-metre giants such as Macrocystis 
and Pelagophycus)- The role of algae in the 
biosphere is clear: as autotrophs, algae perform 
the function of a green screen on the 70.8% of 
our planet covered with water. 

Higher plants belong to autotrophs, but 
there are unique species among them, which re- 
sort to other types of feeding. There are even 
predator necrotrophs among them, which feed on 
animals procured by way of real hunting, in 
order to compensate for the chronic deficiency of 
soil nitrogen. Examples to these are sundew, 
bladderwort and some other insectivorous exotic 
plants such as Nepenthes (a liane of equatorial 
forests), Sarracenia and Darlingtonia (growing in 
the New World). There are many predatory 
plants in Africa. For instance, near Cape Town 
Roridula shrubs grow, which capture and devour 
small animals up to the size of frogs. The fertile 


imaginations of the first ‘African travellers even 
created a man-eating tree. It goes without saying 
that such a tree is the result of an idle flight of 
imagination: plants cannot hold animals larger 
than frogs or small fish with their trapping 


tools (in the tropics such prey is sometimes even 


main kingdoms 
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stolen by dex terous spiders). All in all, there ba 
about 450 Species of predatory plants in 000 
biosphere. This is less than 0.2% of 250, 
plants which are known to exist. ma i5 
Insectivorous plants and some parasitic pa 
(European mistletoe, dodder) are partial sA 
trophs, i.e., mixotrophs. Saprotrophs, which 
extremely rarely encountered among pani 
for example, Hypopitus and Indian pipe, be a l 
to the same category. These small deadly Pe 
plants not troubling themselves with photosyn- 
thesis are sometimes encountered in forests. tee 
were considered to exist only on the mapon 
obtained from the decomposing forest litter, bu 


they have now been shown to be partial parasites. 


wi £ 1 
Evidently, there are no real saprotrophs among 
plants, * 


However, sundew, 
pitus are those exc 


general rule that plants are photoautotrophs. Bul 
while calling the p 


autotrophs, we miit 
never forget th e inability to provid 
themselves wit While literally bathing 
in a nitrogen atmosphere—thepe are 80 thou- 
sand tons i every hectare! —the plants 


S plants which we know or 

Xception here—it 15 

xing bacteria dwelling in thei 

lubers that extract Nitrogen from the atmosphere 

and not the plants! Higher plants feature a pre 

dominantly Passive form of motion. Reproductive 
E 

< TA Rabotnov, « 


Once in about constortia”: 
Bull. of MSN, Biol. div., 83, 2, 88-95 (Lara 
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and somatic parts are differentiated in them, 
but the possibilities for independent motion of 
the somatic parts are quite limited. How far 
can one go using only stems and rootstocks? 
True, one species of plant does hobble, however 
clumsily, on its tree feet*, but this species is 
the creation of science fiction rather than botani- 
cal reality. As to the propagation of reproductive 
matter by itself, plants are altogether incapable 
of such a thing. 

And fungi were fungi. 

They're like nobody else on earth. 

So laconically has the Japanese poet Jun Taka- 
mi characterized the fungal kingdom of eucary- 
otes. The latter have long been attributed to the 
kingdom of plants, but—the poet is right— 
fungi are “not like” plants! , 

Fungi are incapable of synthesizing organic 
substance by themselves. The majority of fungi 
are saprotrophs, though necrotrophs are some- 
times encountered. These are predatory fungi which 
capture into their trapping nets small soil in- 
habitants. But this is a specific case, and while 
the biospheric function of plants is to create 
organic matter, the biospheric function of fungi 
is to decompose dead organic matter and thus 
prepare it for reutilization by living matter. 
It has been shown at present that the leading 
role in the biosphere in this respect belongs exact- 
ly to fungi (and not to bacteria, as was thought 
previously). It is quite unlikely that anybody 


* J, Wyndham, The Day of the Triffids, London, 
19541. 
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now will agree with the eighteenth contun 
French botanist S. Veillard who exclaimed in n 
of temper: “Fungi are a cursed tribe, an ange 
of the devil, devised by him to disturb 


e have discussed the functions of two ag 
doms of eucaryotes, namely, plants and ane 
in the biosphere. On first examination peers 
play a constructive, pienta 
role in the biosphere, and fungi play a ict n 
role; they close the biologica] cycle, prepare n 
for autotrophs, But then what is the purpose 


What purpose do you 


imals 
the meaning of anima, 
a the map o „the livi g of the ela world’: 
= US start wit Protozoans, Unicellular ami 
122" organisms belong to this subkingdom (gom? 
<m colonies), They live mostly in @ 
aqueous medium, in landlockeg bodies of waron 
Pm rai ls to the ocean, in the mo 
ture contained in soi] and parasitic forms live i 
the bodies of other livin organisms. 
*N, Zabolotsky, Vi 


s l, 
D erses and P, ky Pisate! 
Moscow-Leningrad. 1965, p. 235 (in tone x 
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Most protozoans are necrotrophs. They feed on 
bacteria, unicellular algae and other small organ- 
isms, including protozoans. Saprotrophs and 
biotrophs are also found among them. 

Protozoans are a necessary link in the biogeo- 
chemical cycling of matter in the biosphere 
although, perhaps, this link is not as obvious as 
that of the photoautotrophs. The main function 
of protozoans is to redistribute living matter in 
bio-inert systems containing a sufficient quantity 
of water. For the functioning of the biosphere as 
a whole, the ability of some marine protozoans 
to concentrate certain elements in their external 
skeleton, a feature which is not so clearly mani- 
fest in other eucaryotes, is also of great impor- 
tance. 

The second, much more numerous subkingdom 
of animals consists of metazoans. There are 
about 1.3 million species in this subkingdom, 
which is greater than the number of representa- 
tives of all other subkingdoms taken together. 
The majority of metazoans, 7/8 of all the spe- 
cies, live on land. Hutchinson*, addressing the 
question of why there are so many kinds of ani- 
mals, came to the conclusion that the extremely 
high diversity of land fauna is associated with 
the diversity of land plants. The ample vegetari- 
an diet of the biosphere is almost entirely con- 
sumed by the numerous connoisseurs of vegetable 
food. Predators are considerably less in number. 
According to the number of species, among the 


— 

* G.E. Hutchinson, “Homage to Santa Rosalia or 
why there are so many kinds of animals”, Amer, Natural- 
ést, 93, 870, 145-159 (1959). 


Qe 
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metazoans, insects are in first place, molluses 
in second, and vertebrates are third. ‘ 
Metazoans possess an active form of motion 
of their living matter. As is correctly stated in 
an old trustworthy document, “an animal by ats 
nature is a nomadic being”. Only rare sedentary 
forms which attach themselves to a substrate 
do not feature an active form of motion. 1 ig 
freedom of movement of metazoans determine’ 
their main biospheric function. Yu.A. Isakov and 
D.V. Panfilov write: “In the majority of lanc- 
scapes and biocoenoses animals perform an indi 
spensable function by transforming vegetabie 
organic matter into the dispersed state and dis 
Seminating it with sufficient uniformity from tia 
living and perished plants to the places of grow! 
and development of Subsequent generations ° 
vegetable organisms, This is, if one may say 5° 
the ‘cosmic role’ of animals"*, However strange 


this may seem, predators also play an essentia- 
role in it. Attacking the flocks of ungulate a”! 
mals, they drive them fro 


ac ylace ane 
thus preclude excessive saline eto 
In addition to plants Which extract nutri 
Substances from Soil, animals are the only rep!’ 
sentatives of the living matter of the biospher®» 
which transfer cycling matter in a directio” 
contrary to the flow. Should they suddenly disa?” 
pear from the biosphere, Jife would be possi 
only in direct Proximity to water bodies. nd 


ent 


i 


* Yu.A. Isakov D.V. Pans, “Mai ects of 
poilom-forming activity Pig poe p i “Mediun 
grming Activity of Animals 3 “Univers! 
Press, Moscow, 1970, p. (in ae ua 
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while insects transfer various matter over dozens 
of metres from the plant that has created it, 
vertebrates transport it over distances measured 
in kilometres, and seasonal migrations of migra- 
tory birds and some fish effect the global transfer 
of matter in the biosphere. 

Metazoans are the only animals in the biosphere, 
which transport “foreign” reproductive living 
matter such as spores, pollen and seeds of higher 
plants, and thus contribute to their settling in 
the biosphere. 

Although primarily necrotrophs, metazoans 
consume part of the production of autotrophs 
thereby performing regulatory and stabilizing 
function in ecosystems. By destroying part of 
the products, they protect ecosystems against 
overproduction of nondecom posed dead organic 
matter which hinders renewal of vegetation. 
In marine ecosystems animals also perform the 
function of a regulator of the mass of the auto- 
trophs by eating and thinning the plankton 
(they also affect them by the excretion of meta- 
bolic products into the water). As Rede Zlotin 
puts it, losses in the production of autotrophs is 
the “price” vegetation “pays” to herbivorous ani- 
mals for the acquisition of homeostasis by the 
ecosystem. 

In the biosphere not a 
tion, in principle, cannot be ov 
vorous animals: the populatic 
animals will fall before the extent of the “graz- 
ing” becomes catastrophic for the vegetation. 
On average, within an area of the terrestrial por- 
tion of the biosphere there live about 10 mass 
species of vertebrates with a total consumption 


flected by man, vegeta- 
ergrazed by herbi- 
yn of herbivorous 
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of about 1% of the primary production® (in or 
words, of the annual growth of the vegetation). 
By absorbing specific elements and ae 
the products of metabolism, animals direc 
affect their habitat. In this respect the most sit 
tive are filler-feeding organisms (in aquatic on 
systems) and detritophagous animals (in the so 
and bottom sediments of water bodies). na 
Finally, some of the animals are a ens E 
(worms, some insects and arachnids, eg inert 
feeding birds and mammals). Observations anid 
shown that the decomposition of dead orga at 
matter proceeds two to five times slower witho 
the participation of animals, aa 
Thus, animals in the biosphere serve as a mean 
of transportation, a control Panel, a conditioner 
and a sewage disposal System. Evidently, it a 
not accidental that there are one million thre 
hundred thousand Species of them. E 
We have completed our review of the Eartha 
organic world an we could stop here if t - 
Phenomenon of Symbiosis did not exist in th 
biosphere. 


The term “symbiosis” Was first proposed a 
1879 by the Germ 


‘ an biologist Anton de Bary 
(1831-1888) to designate various forms of clo? 
cohabitation of two to 


organisms belonging 
different species, Back in Saal we learned abou" 
lichens—organisms that are an indivisible com 
Posite of algae and fungi. But for a long tim 
lichens were Considered to je a strange whim ty 
nature, incomprehensible freaks. It has only 
* F.B. Golley, “Impact of small mammals on primary 
production”, In: Ecological Energetics of Homeother? 
(ed. J.A. Gessaman), US niversity Press, 1973. 
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recently begun to be established that symbiosis 
is a typical form of coexistence for organisms in 
the biosphere chiefly occurring under conditions 
unfavourable for vital activities. 

Symbiotic relations ensure the functioning of 
autotrophs and heterotrophs within the confines 
of a single organism called symbiotrophic. 

The marine ciliated worms Convoluta roscoffen- 
sis are typical representatives of symbiotrophic 
organisms. They are encountered in enormous 
numbers on the western shores of France and on 
the islands of Jersey and Guernsey (Great Britain). 
After hatching from their eggs, these worms 
swallow such large amounts of green algae that 
they acquire a bright green colour. The algae 
inside the worms remain alive and, as they are 
supposed to do, occupy themselves with photo- 
synthesis, thus supplying their hosts with food. 
As a result, the mouth opening and digestive 
apparatus become superfluous for the worms and 
gradually atrophy. Taking into account the 
interests. of their “bread-winners” (they cannot 
live now without photosynthesis!), the worms 
lead an active life in the water in the daytime, 
and dig into the sand for the night. Some other 
metazoans such as the giant pivalve clams Tri- 
dacna gigas*, green hydra, and anthosoan polyps 
also have built in photoautotrophs. : 

But this is not yet all. Not without reason is 
it said that life is stranger than fiction. It has 
recently been established that some symbiotroph- 
ic animals exist at the expense of chemotrophs! 


at k 
* D.S. Jones, D.S. Williams, | and C.S. Romanek, 

“Life history of symbiont-bearing giant clams from stable 

isotope proñles”, Science, 231, 4733, 46-48 (1986). 
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The most vivid example here are rifties, —_ 
at the bottom of the ocean where thermal was 
rich in hydrogen sulphide emerge. pe o 
trophic bacteria are also the source of emer a 
for some oligochaetes (Phallodrilus) encoun o 2 
at the Bermuda Islands and at the Barrier a ae 
Australia, and also for the bivalve mollus 

lenomyia. oo. 

a noted out by Academician M.S. Giya 
(1912-1985), “physiologically, every sym but 
trophic animal is in essence not an animal, tion 
a system in which a relatively closed circula le 
of biogenic elements is ensured... Their oe 
reveals how conditional our notions of an orga a 
ism are and how complicated it is to qonun 
this concept and its limits”*, All the highe 
organisms are in essence not organisms, ane 
Superorganisms, because they include a virs 
set of microorganisms facilitating digestion (t a 
stomach of a human being contains 400-500 spe 
cies of them). 

Do you remember the 
Bradbury’s novel “A Soun 
very butterfly that change 
The famous American se 


not exaggerate its importance. The biosphere 15 
a finely balanced system, and there is nothing 
superfluous and insignificant in it. Both, “a” 
exquisite thing, a small thing that could ups? 
balances”, created by Bradbury’s imagination: 
and “the heavy body of a cow” from Zabolotsky ® 


butterfly from Ray 
d of Thunder”, thar 
d the course of history’ 
ience-fiction writer di 


* M.S. Gilyaroy, “Ecologically autotrophic animal 
and their features”, Uspekhi Sour. Biologii, 96, 1 (4) 
(1983). 


Product of biogenic migr 
mite nest over 6m high. 
Geogr., 93, 3, 411 (1948).) 


ation of tl 
North Au: 
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he 2nd type: a ter- 
stralia. (From: Nat. 
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poem, find their place “on the m 
of the whole world”. 

I would like to conclude this chapter about 
the living matter of the biosphere with the words 
of Vernadsky: “Living matter has always; 
throughout geological time, been and remains 
to be an indissoluble regular constituent of the 
biosphere, a source of energy entrained by it 
from solar radiations, the matter which is in 
the active state, which has the main influence 


on the course and direction of the geochemical 
Processes of the chemical elements in the entire 
Earth’s crust”.* 


In the next cha ter we i work 
jertornel’ heh p shall consider the 


iving matter in the biosphere- 


ap of the living 


* 
V.I. Vernadsky, Works, v. 1, p. 247 (in Russian). 


3. The Most Powerful 
Geological Force 


It is impossible to understand the history 
of sedimentary rocks without taking into 
account the powerful influence of organisms 
on the migration of substances in the Earth's 
crust and on the formation of sediments. 


L.S. Berg, 1944 


The work of living matter in the biosphere is 
quite diverse; for a better understanding of the 
result of this work, some geological concept 
should first be defined. 

Geologists devide the formation of sedimen- 
lary rocks into four stages. The first of these, 
the stage of hypergenesis, is, as it were, pre- 
paratory. During this period initial products are 
formed, which are later transformed into sedi- 
mentary rocks. During the second stage, the 
stage of sedimentogenesis, the transfer of matter 
and the faccumulation of friable noncemented 
sediments such as sands, clays, coquina, silts, 
and peat takes place. The third stage is called 
diagenesis. During this period friable, often loose 
sediments are transformed into dense strongly 
cemented rocks such as sandstones, argillites, 
limestones, and coals. Finally, during the fourth 
stage, which is called katagenesis, further densi- 
fication and transformation of the sedimentary 
rocks takes place. As we shall see later, living 
matter plays the most important, even decisive 
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Charles Darwin, 


Ancient Times to the Beginn; A enturys 
Moscow, 1972, il op p. 294 Of the Twentieth C 


(From: The History of Biology fro™ 


role during the Stages 


: of hyper genesis, sedimento- 
genesis and diagenesis. ii f 


According to Vemadsky, the work of living 
matter in the bio i nifested in two mail 
nical)—the first Lype 


(b) mechanical—the 
second type of such activit 


Y of the first type—construc™ 


: oeo TOT 
1 l an organism and digest ie 
of food—is, naturally, more important. T 
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functional definition of life, given by Friedrich 
Engels, is now classic: “Life is the mode of 
existence of protein bodies, the essential element 
of which consists in continual metabolic inter- 
change with the natural environment outside them, 
life ending with the ending of this metabolic 
inlerchange’* (italics are Engels’.—A.L.). 

In actual fact, continual metabolic interchange 
between the living organism and the external 
environment conditions the manifestations of the 
majority of functions of living matter in the 
biosphere. According to the calculations of 
a biologist, during the lifetime of a man 75 tons 
of water, 17 tons of carbohydrates, 2.5 tons of 
proteins, and 1.3 tons of fats pass through his 
body. However, in terms of the geochemical 
effect of his physiological activity, man is far 
from being the most important kind of living 
matter in the biosphere. The geochemical effect 
of the physiological activity. of organisms is in 
inverse proportion to their sizes, and the activ- 
ity of procaryoles—bacteria — and cyanobacte- 
ria—proyes to be the most signilicant. 

The quantity of substance passed through the 
organism is also of great importance. In this 
respect the maximum geochemical effect on land 
is exerted by soil-eaters and in the oceans, by 
mud-eaters and filter-feeding organisms. Darwin** 
calculated that the layer of excrement excreted 
by earthworms on the fertile soils of England 
was about 5 mm per year! It follows that earth- 
worms pass the entire 1 m thick soil stratum 

* K. Marx and F. Engels, Works, v. 20, p. 616. 

** Ch. Darwin, Zhe Formation of Vegetable Mould 
Through the Action of Worms, Murray, London, 1881. 
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through their intestines every 200 years. In m 
oceans, polychaetes, representatives of the pam 
phylum of annelid worms and close relatives 
of the earthworm, compete with the latter in 
their “throughput capacity”; crustaceans also 
compete in capacity. A density of 40 polychaetes 
per square metre is sufficient to annually pan 
a whole surface layer of bottom sediments, with 
a thickness of 20 to 30 cm, through the intos 
tines. (The substrate is substantially enrichet 
by this process with calcium, iron, magnesium, 
potassium and phosphorus.) This, however, ae 
far from being the limit. The Dutch scientist 
G.S. Cadèe* compiled a cumulative table 
illustrating the depth of bottom sediments pro- 
cessed by benthos animals. If follows that on 
the Californian coast living organisms annually 
process up to 1.5 m of sediments! Me 

Coprolites are found in geological deposits 
starting frorn > but it is without 
doubt that m are not taken into at- 
count in geol iptions. This is because 
study of the problem and 
_ absence of diagnostic features 
for the determination of coprolites, 


t the same time in tl iments 
5 > 1e bottom sediments 
of modern Water bodies, fecal pellets of inver- 
tebrates are í idespread and often conii 
0 nent of the sediment. I? 
the South Atlantic, for example, ooze is almost 


completely composed of the feces of planktonic 


crustaceans, and along the Shores of the North 
* G.S. Cadée, “Sediment reworki Arenicola 
marina on tidal flats in the Dutch W; a by je 


h Wadden sS, a”, Netherl- 
J. Sea Research, 10, 4, 440-460 (19700 0° Se8 
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Sea the bottom sediments formed by the feces 
of mussels are up to 8 m thick. 

The second type of biogenic migration of 
atoms, i.e., mechanical, is definitely manifest. 
in land ecosystems with a well developed soil 
cover which allows animals to make deep shel- 
ters. The outstanding Soviet zoologist A.N. For- 
mosov* (1899-1973) was one of the first to point 
out that owing to the mounds made by bur- 
rowing animals primary unweathered minerals 
get into the upper layers of the soil and, upon 
decomposition, are involved in the biotic cycle. 
The American geologist M. Chaffrey noted that 
termites and ants may become good assistants 
for geologists: it will be necessary only to in- 
vestigate the waste dump around their “mines”, 
which sometimes reach 70 metres! 

Mechanical biogenic migration 
widespread not only on land, but 
ecosystems, and its role in the lat 
to be even more significant. h W 

The concepts of a “burrow” and of a “nest 
are usually associated in our mind with rodents 
and birds. But organisms make shelters for 
themselyes on the sea bottom as well, and not 
only in soft, but also in rocky ground. Oligo- 
chaetes and polychaetes burrow as deep as 40 cm 
or more. Bivalve mollusks usually bury them- 
selves at a shallow depth, but some of them, 
namely, Solen and Mya, dig burrows that even 
a marmot would envy: they reach a depth of 
Several metres. However, in the tidal zone and 


of atoms is 
also in marine 
ter may prove 


* A.N. Formosov, “Mammalia in the steppe bioce- 
nose”, Ecology, 9, 4, 449-460 (1928). 


dá Traces of Bygone Biospheres 


m 
Traces of boring of Devonian limestone by the sea Mor 
Trypanites. Slightly magnified. Photo by R.F. scoW? 
(Krom: R.F. Hekker, Introduction to paleoecology, MO: 
1957, Table VIII, Fig. 4 ) 


in the sand washed ove 
row can be dug, nor 
only alternative 


r by waves neither. a Oe 
a nest can be built., A 
is to bore rocky formations: 

and—drop by drop wears away the stone— suca 
boring jobs are indeed performed. The rocks i 
tackled by algae and Sponges, by bacteria ant 
mollusks, by Cyanobacteria, sea-mals, poly 
chaetes, sea urchins and small crustaceans*~*” a, 
orers appeared in the remote geological past: 


i 1 
Formations bored them are found even ! 
Precambri 


È 5 and they are continuing 
their work even today. The boring activity ° 
he 
* J.E. Warme, “Boring as trace fossils, and tis 
processes of marine bioerosion”. In: The Study of Tris, 
A R.W. Frey), Springer, Berlin a.o., 19 
pp. 181-227, ‘ 
= S.A. Smith, C.W. Thayer, C.p. Brett, “Predation 
in the Paleozoic: gastropod-like drillholes in Devon 
brachiopods”, Science, 230, 729, 1033-1035 (1985). 
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pholads (mollusks of the 
family Pholadidae) some- 
limes brings about 
catastrophic results. Re- 
cently in the region of 
Sochi an ill-thought out 
project caused the shore 
to be denuded of peb- 
bles, the shore started 
retreating al a rate of 
4 m a year. The main Pholad or “sea borer”— 
perpetrators of the de- an active borer of sea 
ct co were pholads. ie (prom: The Life 
"hey had occupied every ¢ RIMES Vis: Sy OBC» 
metre of the foe shore 1968, Table 20, Fig. 13.) 
composed of clay shales ' 

and had bored underwater burrows. Fortu- 
nately, a way out was found. The shore was 
reinforced with the aid of transverse parti- 
tions and the space between the partitions was 
filled with pebbles. As a result, the borers were 
destroyed. The pebbles, moving under the impact 
of the waves, crushed and ground them. In 
Western Europe, the woolly-handed crab, which 
was casually brought from China, is carrying 
out a no less dangerous activity. The crab has 
got into many rivers and, when building its 
burrows, it undermines the banks and destroys 
dams. 

Movement of living ma uch can 4 
be regarded as mechanical biogenic migration. 
Seasonal migrations of birds, movements of 
animals in search of food and mass migrations of 
animals are forms of such movement. Naturally, 
all these diverse forms of motion of living matter 


tter as such can also 
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cause the transport of abiogenic matter as We 

As we have seen, Vernadsky classified Lae 
processes carried out in the biosphere by livi ne 
matter according to the character of the Pr” 
cesses themselves. N.I. Andrusov, Vernadsiy $ 
contemporary, approached this problem in a som ‘A 
what different manner. In his work, which W 
have already cited, he wrote: “The chemit? 
activity of the organism in general, which er 
geological importance, can be reduced to ae 
categories: first, to the formation of preserva)” 
secretions on the external surface or internal yr 
and second, to the formation of liquid and gas 
cous secretions, capable of entering into various 


chemical reactions with the surrounding inorga”” 
ic world”. 


fication approaches of Vernadsky (horizo?” 
tal rows) are combined with those of AndruseY 
Tistovskaya (vertical columns). d 
or an understanding of the work performe 
by living matter in the biosphere, three basi” 
statements, which Vernadsky called “hiogeoche™ 
ical principles”, are of great importance. 


Vernadsky’s formulation* these principles arè 
follows: 


e 

* V.I. Vernadsky, The Chemical Structure R 

Earth's Biosphere and of Its Surroundings. Nauka, MAN 
cow, 1965, pp. 283, 286; Biogeochemical Essays, Izd, 
SSSR, Moscow-Leningrad, 1940, p. 185 (in Russian)- 
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Table 3. Character and Localization of Processes 
Carried out by Living Matter 


Process 


occurs: 
within the outside of the 


Geological 
activity organism organism 
Type of 
process 
I Chemical Digestion of | Secretion of met- 


(biochemical) food, con-|abolic products 
struction of|and excreta into 
body of or-|external envi- 


ganism ronment; extra- 
cellular diges- 
tion 


OOE ee ee 


I Mechanical Passing of | Transfer of non- 


inorganic living matter 
components | by organisms in 
of food the course of 
through ali-| activity 
mentary tract 


of soil- and 
mud-eaters 


Principle I: “Biogenic migration of the atoms 
of. chemical elements in the biosphere always 
tends to its maximum manifestation”. 
Principle II: “The evolution of species in the 
Course of geological time, leading to the creation 
of life forms that are stable in the biosphere, 
Proceeds in a direction which increases the bio- 
genic migration of the atoms in the biosphere”, 
or, in another wording: “In the evolution of 
Specics, those organisms survive, which by their 


10* 
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existence increase the biogenic geochemical ener- 

Principle III: “During the entire geological 
history, since the Cryptozoic*, the population 
of the planet was the maximum possible for the 
entire living matter then existing”. 4 

For Vernadsky, biogeochemical Principle I i 
closely associated with the capability of living 
matter for unlimited proliferation under optima 
conditions. “The whirl of atoms”, which is life, 
according to the definition given by Georges 
Cuvier, tends to unlimited expansion. This 
results in the maximum biogenic migration ° 
atoms in the biosphere. 

Biogeochemical Principle II in essence touches 
upon the cardinal problem in modern biologic® 
theory—the question about the purposeful chat” 
acter of the evolution of organisms. Vernadsky 
held that in the course of evolution, advantage 
are obtained by those organisms which have 
acquired an ability to assimilate new forms ° 
energy or “learned” to utilize the chemical ona 
ganisms. Thus, in the gonr 
tion the “efficiency” of Kei 
a whole increases. This has bee 
recently demonstrated in purely mathematic? 
terms by V.V. Alexeyey who proceeding fro! 
calculations, came to the following conclusion” 
Evolution must develop in the direction of 3 
increase in the matter exchange rate in the 5957 
tem.” And further: “It becomes clear why ©)” 
zymes were formed, whose role resides in drast’ 


‘ patie the 

* The Cryptozoic period is the term suggested bY athe 
American geologist Ch. Schuhert (1858-1942) for i 
era of latent life” (i.e., the Precambrian period). 
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e rates of reactions that are 
extremely slow under usual conditions”. 
Vernadsky’s biogeochemical Principle II is 
confirmed by the most diverse empirical mate- 
rial. Thus, in 1956 the soil scientist V.A. Kov- 
da*, now a Corresponding Member of the USSR 
Academy of Sciences, reported the results of 
chemical investigations on more than 1300 sam- 
ples of ash of modern higher plants. On the basis 
of this extensive data the author came to the 
ith a few exceptions) the ash 
content of plants increases from representatives 
of ancient taxons towards more recent ones. 
This regularity is one of the particular manifesta- 
tions of biogeochemical Principle II. Generally, 
however, its manifestations in the biosphere are 
quite diverse and rather unexpected. Let us 
consider another example from the botanical 


sciences. 
F A.P. Khokhryakov ** 


The Soviet botanist s c 
the evolution of higher 


plants to have a specific tenor, residing in an 
intensification of changes of the organs in the 
course of the individual development of the organ- 
ism. Thus, according to Khokhryakov, in lepi- 
dodendrons extinct (arborescent lycopods) only 
a part of the leaves was subject to the change. 
In more evolutionarily advanced plants, the 
ferns, the leaves are also subject to shedding, 
but in this case a greater part of the leaves is 
shed per unit time ‘vith respect to the mass of 


cally increasing th 


recently established 


* V.A. Kovda, “Mineral co 
soil formation”, Soil Sciences d 6-38 (1956). 
** AP, Khokhryakov. egul h u 
of Plants, Nauka, Novosibirsk, 1975, p. 204 (in Russian). 
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the entire 
dendrons. 
plants, the 


plant body than in the case of lepido- 
In most primitive gymaospermori 
cycads, only the leaves shed, wit 
the exception of their stems. In conifers, the 
branches and bark are shed periodically. Finally, 
in the example of the angiosperms, the transition 
rom perennial forms (trees and shrubs) to annua- 
forms (herbs) is most evident. The same transi 
tion is also observed in other taxons of higher 
plants: among ancient horsetails and club mosses 
arborescent forms were predominant, while pres- 
nd club mosses are herbs; 
t there were many arborost 
cent forms among ferns, while now arborescen 
ferns are dying out, Such an intensification a 
changes, naturally, brings about an increase i 
Hae migration of atoms in the biosphere 
Principle II ig “at work” here as well... It E 
true, however, that conifers for some reason 
not want ao become herbs, while mosses, on t 
lave never been trees. 
E okhryakoy, being a botanist, examined ony 
creel Perelman has given a more entan 
Pian of the problem of the purpose at 
cter o evolution*, He has calculated th 
accordin, 


_ 


* AT. Perelman, Geochemist, 


i Naw 
the B here 
ka, Moscow, 1973, p. 168 (in Rw, of the Biosphere, 


ussian), 
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3. Herbaceous landscapes (0.83-0.95). 
It may be assum d 
series” of landscapes and that now non-existent 
landscapes had a value of “K” less than 0.5. 
Finally, biogeochemical Principle III is also 
associated with the “omnipresence” or “pressure” 
of life. This factor ensutes the endless acquisi- 
tion by living matter of any territory suitable 
for the normal functioning of living organisms. 
Several decades ago many paleontologists be- 
lieved that the expansion of life over the globe 
proceeded very slowly. It was thought, for exam- 


ple, that land plants in the Carboniferous and 


even in the Permian period existed mainly on 


marshy coastal plains, and that drought-resistant 
vegetation formed only in the Cenozoic era. These 
ently shown to be erroneous 
is carried out by the Soviet 
Meien. In his opinion, the 
loped vegatative cover on con- 
t only by the numerous find- 
ings of plants in Paleozoic continental deposits. 
Facies analysis has shown that the sedimenta- 
tion conditions which existed at that time did 
not differ principal! from those existing today. 
Also, if land vegetation did not exist, the charac- 
ter of the drain from the continents would be 
quite different than that observed now. 
Did the progressive expansion of life take 
f geological history? 


place at all in the course 0 
Vernadsky wrote: “Life penetrates everywhere 


where it did not exist before, but we cannot assert 
that these areas of the planet were always free 


paleobotanist 
presence of a deve 
tinents is proved no 
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ical 
from life, never occupied in other olan 
times. It appears possible that these areas ical 
of life were formed in the most recent geolog by 
eras and we obserye merely the mastering ie 
new forms of life of those areas from dah t 
old living matter had disappeared for some for 
son or other, This may be so for cave ig 
example. But we may also assume hat. G6; 
we also see a real expansion of the area R ition 
there having occurred a long-term evo s It 
of the organisms adapting to new condition ees 
Scems to me that otherwise it is difficult oe aie 
plain with confidence the adaptation of doop ts 
ing organisms living at a depth exceeding A 
though it cannot be regarded as proven”. there 
The data of modern science confirm that S 
actually was a “real expansion of the area 
life” in geological history. 


a- 
reduction function; (f) concent m 
3 (g) function of destruction 0 aa 
(h) function of reducing 


A . Di 
] (i) function of metabolism a 
respiration of organisms, tol- 
aie oem manual “Principles of Sediment h 
ogy *** the followin biological rocesses WAI” 
g g P: j the 
vI Vernadsky, The Chemical Structure Hows 
Earth's Biosphere and of Its Surroundings, Nauka, Mose 
1965, p. 284 (in Ussian). 


-ain 
ia leconditi ns de apparition 
de la vie sur la Terre”, Rev, gn. ac ds, 503-514(1932)- 

"S GoM. Friedman, J.E. Sanders, Principles of 


dimentology, Wiley, New York, 1978, p- 120; 
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have geological significance are distinguished: 
(1) metabolism of organisms, leading to the for- 
mation of skeletons from calcium carbonate; (2) 
subsequent destruction of these skeletons by pred- 
ators and other destroyers, which leads to the 
formation of various forms of skeletal detritus; 
(3) precipitation of lime mud by the organisms; 
(4) its pelletization by organisms; (5) burrowing 
activity of the organisms and mixing of the 
sediments by them; (6) activity of microorgan- 
isms effecting various chemical reactions con- 
tributing to the formation of minerals. 
Summarizing all the available information 
concerning the activity of living matter, we can 
single out 5 main functions of living matter in 


the biosphere (Table 4). 
n is manifested in the as- 


_ The energetic functio 

Similation of energy, mainly of solar energy. 

“Only life with its morphological sophistication 

could capture the sun’s rays on the Earth for 
he example of coal,” 


millions of years, as in t 
stated the Academician V.L. Komarov at the 
otanists in 1921. Indeed, 


I Congress of Soviet b i 
only due to the “green shield” of the biosphere, 
lar energy not merely 


to photoautotrophs, is 50 € 
reflected from the surface of the planet, heating 


only the Earth’s superficial layer, but instead it 


Penetrates deep into the Earth’s crust and is a 
enous processes (we 


Source of ener for exog' 
have already a ased this in Chapter One). 
Not very long ago solar energy was considered 
to be the only energy source for all the biotic pro- 
cesses occurring on the Earth. It was presumed 
that the chemoautotrophs also use the energy 
that was assimilated by photoautotrophs at some 
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Table 4. Main Functions of Living Matter 


in the Biosphere 


M, Function 


Brief characteristics of process 


1 | Energetic 


f 
saturated substances; transfer B 
energy via the food chain 
heterogeneous living matter 


2 | Concentra- 
tion 


Selective accumulation af a 
course of vital activity of den 
kinds of matter: (a) employe! dy; 
building of the organism pe 
(b) removed from it during 
tabolism 


a en i 


3 | Destructive 


P ic 
(1) Mineralization of neobioge nyn 
organic matter; (2) decomposi (3) 
of nonliving inorganic matter; tter 
introduction of the formed ma 
into the biotic cycle 


a a 


4 | Medium- 


forming 
5 


708 
Transformation of the physi? 


chemical parameters of the medini 
(mainly due to neohiogenic ma 


e 
Transporta- | Transfer of matter against co 
tion force of gravity and in a b0 
zontal direction 


earlier sta 
that a livin 
lize “prima 


ge. It has now been shown, however’ 
g substance can also successfully Tir 
ry endogenic energy. For examp 
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the abyssal rift concentrations of life described 
in Chapter Four chiefly exist at the expense of 
endogenic hydrogen sulphide. A living substance 
thus assimilates energy from both sources ex- 
isting in the biosphere—cosmic and endogenic. 
As a result, as was concisely stated by the French 
botanist G. Guegamian: “The energy balance of 
the planet (i.e., the Earth—A.Z.) as of a cosmic 
system depends on living matter”.* 

The supply of geological processes with energy 
through the activity of living matter is most 
clearly manifest at the stage of diagenesis. In- 


teresting work on this problem was carried out 


during twenties and thirties by Professor Per- 


filiev. 

Ingenious experiments proving the biogenic 
nature of diagenetic processes were more re- 
cently carried out by M.M. Yermolayev**, the 
author of the above-cited manual of physical ge- 
ography, now a professor at Kaliningrad Univer- 
Sity. 

A sample of und 


the sea bottom was placed g 
zones were clearly observable in the sample: 


an upper oxidized zone and a lower reduced zone. 
The tube was sealed off at its upper end and 
turned upside down. The lower layer of the ground 
was thus ontop. The tube was filled with water, 
and the water was changed every day over a period 


isturbed ground taken from 
in a glass tube. Two 


* GC. ian, “On the biospherology of 
pee VEn Journal of General Biology, 41, 4, 588 
1980). : B 

80) M.M. Yermolayev, “On the lithogenesis of plastic 
clayey marine sediments”, 12”. AN SSSR, geol. series, 
1, 421-138 (1948). 


i s 
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u 2 
of 17 months. The result was a completa ay 
sal” of the ground sample: the oxidized lay oe 
the bottom became reduced, _and the EEE 
reduced layer became oxidized. Tomo he 
explained this phenomenon by migration : 
anaerobic and aerobic bacterial complexe ‘age 

To make sure that the redox process mie = 
genic, a second series of experiments was ri teow 
out. A sample of strongly reduced ones One 
the Laptev Sea was divided into two par * nder 
of these parts was kept in its initial state aa 
a layer of water in a vessel; the other pêr oflora 
placed into another vessel, and the mIcEO, ter 
in it were destroyed with an antiseptic. lent 
definite intervals of time the ratio of oaks 
iron to bivalent iron was measured in both Jox 
sels as an indication of the intensity of oE 
processes. Within eight days this ratio in 40 
the 


genesis microorganisms ond 
tious reactions. Some of os 
om sediments are oe 
at the expense of gi 
Ompounds. In the oa 
iota of bottom sedime aa 
» Namely, on detritus 6 
vels of the water mass 


Saturated inorganic c 
however, the microh 
work on biogenic fuel 
ing from the upper le 
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The essence of the energetic function of living 
matter in the biosphere can be formulated in the 
words of Vernadsky: “In a limited definite region 
distinctly separated from the rest of the planet, 
in a special shell of the Earth formed by the 
biosphere, which is characterized by irreversible 
processes, —life will increase and not decrease 
in the course of time the free energy of this shell” 
(underlined by Vernadsky)*. Developing this 
idea, Preston Cloud, a consultant professor at 
the California University in Santa Barbara, de- 
fined the biosphere as “a huge metabolic device 
for the capture, storage and transfer of energy”**. 


The second main function performed by living 
matter in the biosphere is that of concentration. 


The substance being concentrated is either 
employed for the growth of the soft body and 
skeleton of organisms, Or excreted into the envi- 


ronment. 

The concentration of matter occurs in two 
ways. Most commonly elements are concentrated 
in ionic form from true solutions. Most marine 
invertebrates puild their skeletons in this way. 
The second method of concentration 1S sedimen- 
tation of substance from suspension colloidal 


Solutions by filtering organisms. 

The concentration of elements by living matter 
from true solutions was intensively investigated 
by the outstanding Russian mineralogist, Ver- 
nadsky’s disciple and colleague, Professor Yakov 


fundamental problems 
BIOGEL, \ssue 5, 


* V.I. Vernadsky, “On some 
of biogeochemistry”, Transactions 
p. 12 (1939). : y 

** p, Cloud, “The Biosphere”, 


138 (1983). 


Scient. Amer., 249, 3, 
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Vladimirovich Samoilov 
(1870-1925). Unlike his 
great teacher, Samoilov 
approached this problem 
from a mineralogica 
rather than geochemica” 
point of view. At the be- 
ginning of the century 
little factual materia! 
existed and one som? 
times had to be guider 
by intuition. Samoilov’ 
intuition did not ae 
him. In 1910 in an artic 

about barite dep 
Yakov Vladimirovich Sa S#™oilov WENGE, tg 
moiloy, (Publishe be the think it appropriate 


. þou 
Russ. ed. of “TBB”.,) Pose the question... a 
the possibility that then 
are organisms whic 
contain barium i i 


, and, consequently: 


his element is con- 
centrated by virtue of the vital activity of the 
known organisms... .”* 


t time there were no data about the 
m in the shells of marine ee 

e year, the book “Investi 
tion of Lower Organisms” } tiev was 
published, in which barit, ©, SBchepotiev w 


; 
Samoiloy’s assump 


* Ya.V. Samoiloy Bioliths, Sci puh 
NS- tov, s, .- chem-techn. 
lishing House, Leningrad, 1929, P. 33 (in Russian). 
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ablished that the ability to con- 
s from rather dilute solutions is 


a characteristic feature of living matter. It is 
known that in the contemporary biosphere or- 


ganisms extract large quantities of calcium car- 


bonates, magnesium carbonates, strontium carbo- 
nates, silica, phosphates, iodine, fluorine, and 
undersaturated solu- 


other components from 7 
tions. Bacteria prove to be most energetic agents 


in this respect. The well-known microbiologist 
W.E. Krumbein* showed that products of the 
vital activity of definite species of microorgan- 
isms contain 4 200 000 times more manganese, 
650 000 times more iron, 420 000 times more 
vanadium, and 240 000 times more silver than 
is found in the environment. But even bacteria do 
not create minerals “from nothing”. The Soviet 
geologist A.V. Khabakov described this spe- 
cific feature of living matter by the following 
aphorism: “Bacteria are not autocratic creators 
of mineral deposits, but their natural concen- 


tration specialists.” AL , i 
Vernadsky classified living organisms into 
to the degree of their 


four gr according 

coneentratioi of chemical, elements. The first 
group—“organisms containing some element” — 
include organisms which concentrate a given 
element to amount of 10% or more. Examples 
of these are siliceous organisms (diatoms, ra- 
diolarians, silisponges)» calcium organisms (bac- 
teria, algae, protozoans, mollusks, brachiopods, 
Sem, ee «irobiologische Prozesse bei 
aa WR, Krombein, Geer Minerale, und sedimentärer 
Lagerstätten”, Erdöl und Kohle, Ergas, Petrochemie, 
34, 3, 147-151 (1978). 


It is now est 
centrate element: 
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echinoderms, bryozoans and corals), and iron 
organisms (iron bacteria) 

The second 
element” —incl 
given element 
up to 10%, 
the first two 
clarke* of the 


sroup—“organisms rich in some 
ude organisms which contain a 
in quantities of about 1% or a 
The content of these elements ‘es 
groups must be higher than t 
given element. The third grouP 
Consists of “usual organisms”, the fourth group» 
of “organisms low in a given element”. ne 
The prominent Norwegian scientist, one of the 
founders of geochemistry, Professor Wictor ae 
ritz Goldschmidt (1888-1947) approached this 
problem somewhat differently. In his geochem- 


a : ghesium); ani 
S, require many organi 
ut not obligatory for all Bight voris later; 
ovda, in the alrea 


- dy cited article, adde 
1X other elements to the group of absolute 

/Organogens: iodine, boron, calcium, iron, copP&} 
and cobalt, The number of organogens increas?’ 
steadily, and it has now been established tha 
: e 

sundae nee lithosphere—a unit of the averagy 


in element in the Ẹ : b (name 
after the American geochemist iv cea 
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if one includes those elements which are contained 
in small quantities. all the elements of Men- 
deleyevy’s Table enter into the composition of 
living matter. Some elements are concentrated 
by only a few organisms, but their content in 
these organisms can be considerable. Thus, radio- 
larians (a subclass of the protozoa) build their 
skeleton, as a rule, from amorphous silicon. But 
one of the families, Acantharia, prefer a less com- 
mon element, strontium, for this purpose. A still 
rarer element in the marine medium, vanadium, 
is found in the blood of most primitive chordates: 
in ascidians, the content of vanadium pentoxide 
reaches 15%. In order to obtain vanadium, as- 
cidians are now cultivated in the coastal waters 
of Japan: they are sessile forms and, therefore, one 
need not catch them. Recently, in New Zealand 
a shrub has been found whose dried leaves 
Contain up to 1% nickel. These leaves are not 
a bad source of nickel: nowadays, even poorer 
ores are mined. Actually, it is only quite recent- 
ly that anybody even considered including 


nickel i of organogens. 
ee ae Vinogradov distinguished 


Academician A.P. 0 
two ways in which chemical elements are con- 
centrated by living matter: f 

I. Mass increase of the content of a given ele- 
ment in a specific medium. For example, in 
volcanic regions living matter is enriched with 
sulphur and iron; the flora found near zinc, copper 
and other ore deposits is enriched with corre- 
Sponding metals. The content of boron, copper, 
iron, manganese, barium and rubidium in cal- 
Careous sinks is determined by the salinity of 
Water. 


11~o1293 


: 7 3 
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II. Concentration of specific elements by È 
ganisms irrespective of the medium. Cari 
of a selective concentration have been g 
above. n 

Bede research fellows of the Far wir 
Research Centre of the USSR Academy 0 Ma- 
ences G.N. Sayenko, M.D. Kobryakova, Yele a 
kienko and I.G. Dobromyslova* discover 0 
new phenomenon: organisms concentrate 
just one specific element from the mediums - 
a whole group of them, usually consisting 
to 7 elements. to 

For the biosphere as a whole it is customary 


ty of elements, we 
the ratio of the average content of an elem 


f 4 


forms: as morph 
mations** an 


bonate; (b) 
formed by h 


——__ 


iving organisms: (a) a 
sulphate; and tes: 
ydrates, hydroxides and silica 


* Marine Biology, 34, 169-476 1976). m 
.** A.V. Lapo, “Living matter pa N for grt 
tion”. — Notes 


of All-union Mi logical Soc., 1985+ 
114, 1, 26-30 (in Russian), 7% 0Eical Soc 
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In recent decades a considerable contribution to 
this research was made by Heinz A. Lowenstam, 
an outstanding scientist who was forced to leave 
his native Germany during the time of fascism 
and is now working in the United States. He 
is well known for his contribution to research 
on the biomineralization phenomenon, fossil 
reefs, and paleotemperatures of ancient basins 
using oxygen isotopic analysis data. Professor 
Lowenstam showed that living matter, in the 
course of vital activity, forms crystals of the 
usual shapes described in crystallography, geol- 
ogists find crystals of some mineral in sedimen- 
tary mass, they consider them to have been 


formed abiogenically. 

In living matter crystals may be encountered 
singly (as barite in rhizopods mentioned above), 
but more often they are found in the form of 


aggregates making up the external or internal 
Everyone knows 


skeleton of living organisms. 
what an internal skeleton is; an external ‘skeleton 
ts the organism from 


is the housing which protec 
the external medium. Calcareous shells of mol- 


lusks, corneous carapaces and plastrons of tur- 
tles, crabs and various ancient fish are examples 
of external skeletons. Protozoans, especially 
Plankters, commonly have external skeletons. 

any algae are also Found with them. The shape 
of the carapace can vary, and as to its composi- 
tion, many years of experience (hundreds of mil- 
lions) have demonstrated that amorphous silica 
found in most primitive organisms, such as uni- 
cellular algae, protozoans and sponges) and 
calcium carbonate are most suited to the pur- 
Pose. But—no accounting for tastes—some organ- 


lin 
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isms “prefer” sulphates and more evolutionarily 
advanced animals, phosphates. heir 
Higher plants have no skeleton, and “i 
mineral component consists of the so-ca E 
“phytoliths”—secretion products in the form ha 
crystals or rounded inclusions. These payo 
liths are composed of inorganic (silica) or organ à 
mineral (calcium oxalate) matter. Some ex! 
ticellular algae, in contrast to higher plants a 5 
similarly to animals, have “supports” ma 
of calcium carbonate. -ithe 
Lowenstam* compiled a table illustrating 
distribution of minerals in the composition. iy 
heterogeneous living matter (Fig. 6). Accordit 
to it, less differentiated organisms secrete 0” 
one mineral, though differen 
classes can secrete different 


f ite (iron hydrox” 
ide). Unlike h ol goethite (iron hy t 


ber of minerals ( 
Table), while SO. 


SS 


5 
LA. Lowenstam “Biomi EP rocess® 
J mineralization eee 

and products and the evolu talization proce” 


tion of biomineralizatio?’ =, 
27 Int. Geol. Congr., Proc, Utre ience Pre! 
1984, 2, 79-95, c., Utrecht, VNU Scie 


as can be cle 


arly seen from t 
me algae (q 


i a 
iatoms, green alg 
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rete only one mineral each. 
tions which are part of the 
composition of living matter are poorly soluble 
in seawater, and, therefore, after the organisms 
die, these formations accumulate in sediments 
(there are exceptions to this rule). The concen- 
tration of elements in organomineral compounds 
is of secondary importance in sedimentation, 


since after the organisms die such compounds 
d metals from the neo- 


rapidly decompose, an 
biogenic substance rapidly return to the biotic 
cycle. 

Living matter, performing the concentration 
function in the biosphere, may play a significant 
role at the stage of sedimentogenesis. The pro- 
cess of biofiltration accelerates the precipitation 
of colloidal particles py thousands of times. Many 
organisms are filter-feeders, including crustaceans 
and worms. In shallow water mussels play a partic- 
ularly important role. DY active filtration these 

f centimetres of 


mollusks accumulate dozens 0! i 
ooze a year and bury themselves in the sediments. 


In 1948 the hydrobiologist K.A. Voskresensky 
drew a noteworthy conclusion: “The involvement 
of a water layer of considerable thickness in benth- 
ic circulation in combination with the active 
removal of its suspended matter by the populat- 
ed bottom requires a reconsideration of sedimen- 
tary differentiation processes. Stokes law and 
its modifications which take into account only 
the laws of mechanics, physics and chemistry 


are inadequate in the dynamic field where the 
rganisms manifest 


biomasses of filter-feeding © 
themselves. Near the populated bottom of water 
bodies relatively simple laws are cancelled out 


and brown algae) sec 
Most mineral forma 
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ë n 
> P . a”. 

by laws governing biohydrological pianoman a 

American scientists came to the same conc 


he 
after having investigated the bottom fauna of t 
Florida Strait. ** 


It indeed became necessary to reconsider tha 
processes of sedimentary differentiation, as Eoi 
foreseen by Voskresensky, when sedimenta 
traps, i.e., special devi 
settling matter, 


io- 
years have shown that b 


z ? ion 
filtration and, Correspondingly, biosedimentatio! 
are carried out in th 


ti- 
e ocean mainly by mull} 
cellular animals of th 


m or 

Y, “The helt of biofiltration ins. 
Se Tohydrological system or o oilt 1 Og (is 
D ceanogr, A 

hae g nstitute, 1948, Issue 6 (18), p. 

4 


ce 
| R.N, Ginsburg, H.A Lowenstam, “The influent? 
of marine bottom communities on the depositional y, 
vironment of Sediment”, J, Geol., 66, 3, 310-318 (19 

wae ‘iebe, SẸ’ Boyd, and C. Winget, “Partif: 
late Matter Sinking to the Deep-Sea Floor at 2000 Tjon 
ne Te ue the Ocean, Bahamas, with a Descrip 3, 
of a New Se ‘mentation Tra ”, J. Marine Res., 34 
341-354 (1976). Pi J. Mari 
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illustrative example of nekton filtrators are 
whales, who strain sea water for trapping krill. 
By now the concentration function of living 
matter has been studied in sufficient detail. In 
Vernadsky’s time, the degree of concentration 
of particular elements by various types of homo- 
geneous living matter was discussed; presently 
information is available concerning the concen- 
tration of elements by the heterogeneous living 
matter of various ecosystems: E.A. Boichenko, 
D.Sc. (Biol.), who both studied under Vernads- 
ky and continued his research, and her co-authors* 
succeeded in estimating the order of the concentra- 
tion function of plants for the biosphere as a 
whole and compared these data with the world 
reserves of the specific raw materials (Table 5). 
As can be seen from these figures, the vegeta- 
tional cover of our planet annually concentrates 
amounts of mineral matter comparable to most 
of the reserves of elements in the lithosphere, 


which have accumulated over millions of years 
These data are the best 


of geological history- 
i A ement made by Vernadsky 


in 1935: “In the rapidity 

solid substance from its scattered state, bio- 
geochemical energy is probably the greatest force, 
in the sense of geological time, existing on our 
planet.”** 


_ 
un * E.A. Boichenko, G.N. Saenko, T.M. Udelnova, 
Variation in metal i g the evolution of 
plants in the biosphere”. In: Recent Contribution to 
1eochemistry and Analytical Chemistry, Wiley, New York, 
975, BP; 507-512. ; ? 

** V.I. Vernadsky, Works, vol. 1, p. 535 (in Russian). 
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Table 5. Com i 

5. parative Data on Prov res of Some 
pied Elements and on Their Taoual Accumulation 
y Photoautotrophs (after Boichenko et al., 1968) 


aT World ane world 

con- | reser- con: : ree of 
_| ves of m| Mee 

Element ton a raw Element ET e 

Hon in| mate: tion in| mate 

synthe-| malg rie, nar 

on iÀ 3 
Carb | 
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Phosphorus 10° ne Cobalt n jo 
boana 10 Di Nickel 406 Ae 
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nction of living matter in A 


Tuctive one, manifests its? 


form of three i 
(see Table 4), “Pally occurring process? 


il m 
ithe required ele a however, cannot emp! 
lbe found in, The ats in whatever form they maY 
genic matter a or ea 0f noobie 
inorgani eeo i ; 
pae, wato BEOUNGS, such a ed OL oaie 
ammonia. A gen sulphi ee 
la. As we already a i Era ary 


saprotrophs is i 
organics, busy wiih decomposing the de® 
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Another aspect of the 
problem is the decom- 
Position of nonliving 
organic matter by the 
living one. Decomposi- 
tion of minerals by micro- 
organisms was estab- 
lished as early as the be- 
ginning of the twentieth 
century.*-** It has now 
been shown that various 
microflora take part in 
the decomposition © 
minerals, including al- 
gae, fungi, bacteria, and 
other organisms. As was 
already mentioned al 
the beginning of this 
chapter, in marine eco- 
Systems an important role 
is played by boring organ- 
isms. The first study © 
and algae was published 
Scientist, who later b 
G.A. Nadson (18 
boring algae most 
and play a considerabl 
the biotic cycle not only 


re 


* J. Stoklasa, “Biochemisch 


fons in Boden”, Zbl. Bakteri 
yg., Abt. 2, 1941, B 
** K, Bassalik, 


67-1940). 
ly inhab 


d. 29, H. 4. 
“Über Silika 
denbakterien”, Z. Gärungsphysiol., 
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Georgi Adamovich Nad- 
son (From: G.A. Nadson, 
Selected Works, V. 2, Mos- 
cow, 1967.) 


n boring cyanobacteria 
in 1902 by the Russian 
ecame an academician, 

He showed that 
it carbonate rocks 
le in returning to 


e ro 
but also other 


calcium, 


e Kreislauf des Phosphat- 
ol., Parasitenk., Injekt. und 
tzersetzung dürch Bo- 
2 (1912), 3 (1943). 


o8 
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jum 
vitally important elements such as magnesit 
and phosphorus. * 3 : ng 
Nadson’s works did not generate interest aa 
biologists or geologists at the beginning 0 


Scientists have put it, 
microorganisms as 


s (composed of ome 
vely grazed DY hese 
sea urchins. car? 
bitten-off pieces of calcium hen 
bonate through their alimentary tract and Epi 
- It has been ca 0 
lated*** that in this manner in the regio? al 
the Virgin Islands sea urchins deposit seve, 
kilograms of Particulate carbonates per squ” 
* GA. leur di 
) tribution ét gues perforantes, d, sek 
(Paris), 184, 1015-1017 (isan. Bature”, CR Aca gnt 
Halme ng Slana amalin, “Geoymitgoniolorie, Ea 
5 Coke, 6, 9, 5 


Z 5 sati 

gden, “Carbonate-sediment production, pfs 
Caribbean reefs”. In: 4977 
edimentology, Tulsa, 


Nadson, “Les al 


~ as 
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metre of the bottom surface. From this type of 
evidence, the Soviet lithologist I.V. Khvorova 
came to the conclusion that many ancient or- 
ganogenic-detrital carbonate rocks originated not 
only from the mechanical effect of waves on 
sediment, but also from the crushing of shells by 
predatory and mud-eating animals. 

While carbonates are particulated by organisms 
largely owing to the mechanical activity of the 
organisms* (second type of geological activ- 
ity of living matter), in the decomposition of 
alumosilicates the first type of such activity— 
chemical—is observed. In general, the chemical 
decomposition of various minerals by the action 
of living matter occurs in the biosphere on a 
tremendous scale. 

As early as the peginning of the twentieth 
century the following experiment was carried 
out. Fourteen species of pacteria contained in 
the intestines of earthworms were sown on dis- 
integrated rock-forming minerals. The major- 
ity of the minerals had undergone biogenic de- 
composition, the degree of such decomposition 
depending on the kind of bacteria and on the 
composition of the minerals. Alkali elements 
were the first to pass into solution; next were al- 
kaline-earth elements, aS well as iron, silica and 


alumina. Mould fungus within a week under 
laboratory conditions Can. liberate 3% of the 
silicon, 11% of the aluminium, 59% of the mag- 
nesium, and 64% of the iron contained in basalt. 

* G.E. F: ie e Clokie, “Molluscian grazing of 
sublittoral algae-bored shells and the production of 
carbonate mud in the Firth of Clyde, Scotland”, Trans. 
Roy. Soc. Edin., 70, 5-9, 439-148 (1979). 
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Ing these elements into the biotic cycle). For 
example, elephant grass in the African savannas 
annually extracts 250 kg of silica and 80 kg of 
alkalies and alkali earths from one hectare of soil; 
Jungles extract as much as 8 tons of silica from 
the same area! The process of introducing chem- 
ical elements in the biotic cycle occurs every- 
where in the biosphere. Bacteria function even 
iN such toxic environments (for human beings) as 
the oxidation zone of sulphide deposits of copper, 
antimony and molybdenum, and this is of im- 
Portance for the formation of ores. Bacteria even 
oxidize gold, the metal which we consider eter- 
One microbiologist remarked with sadness 
that the marble monument to Louis Pasteur in 
i aris is being destroyed by bacteria, whose activ- 
ty he was so eager to prove. ‘ 
, Mankind has learned to use the destructive ac- 
bes ie „of microorganisms to its advantage: in 
me industrially advanced countries leaching 
of Useful components from ores is carried out 
With the participation of bacteria.* Presently, 
°Pper, uranium, zinc and even arsenic are being 


tracted from ‘ores by bacterial methods. In 
© United States, about 10% of the total amount 
e ered to the surface” 


of eXtracted copper is “deliv r 
b acteria. Bacterial leaching of lead, nickel, 
q dalt, molybdenum, cadmium, and titanium is 
bly feasible. As compared to conventional 
eg ods of metallurgy, bacterial leaching is not- 
th for a far more complete extraction of metals; 
erefore, the new method is especially effective 


* . 
terj.»D-G. Lund M. Silver, “Ore leaching by bhac- 
Sia", Ann, Reve Microbiol, 34 203-283 (1980). 
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Decomposition of 
nepheline by micro- 
organisms: (a) ini- 
tial particles; (b) 
the same particles 
after having been 
decomposed for 

days by the micro- 
scopic fungus Peni- 
cillium. Phora 
graphed by T.V: 
Aristovskaya.(Aftel 
T.V. Aristovskaya, 
Microbiology o; 
Soil-formation Pro- 
cesses, Leningrat, 
1980, Figs. 5c, 5d- 


re actory produci ole- 
cules” but also a huge mill, (os aa anoo ATT y 
ot stop, but goes on milling 
ee ce milling for several bil- 
has been millin 1S Not salt but rocks that Í 
energeticall jf 1 of life works mos 
of marine T and in the near-shore area 
are found, Stems where concentrations of lif? 


T} z : 

he fourth basic function of living matter is 
> Tedi, The physico-chemic4 
me lum are transformed by t f 
activity. While the influence ? 
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fee sige gg action of the organisms on 
De “a ium (of life on “non-life”)—began to ap- 
tosynth oting only with the discovery of pho- 
EEN ernadsky, drawing upon the investi- 
ioe carried out by F. Houssay, J.S. Haldane, 
organi derson and A. Lotka, concluded that “the 
nol PR IRA deals with the medium to which it is 
fu y adapted, but which is adapted to it”*. 

wanes development of this thesis is the “Gaia 
ess af the named after the ancient Greek god- 
Sea, ay he 4 Earth that gave birth to the sky, the 
We (eam the mountains. It was advanced by the 
Nites oD British scientist and inventor 
isty. Ac Lovelock, a member of the Royal So- 
Pothe tS formulated by its author, the Gaia hy- 
ical no ‘postulates that the physical and chem- 
tine. of the surface of the Earth, of the 
ivel 5p here, and of the oceans has been and is ac- 
of lity made fit and comfortable by the presence 
al wi aang This is in contrast to the conventionh- 
lanet om which held that life adapted to the 
epar ary conditions as it and they evolved their 

T} ate ways’t*, 
ant!) most evident (but not np 
matte, vanifestation of the influence of living 
or th r on the environment is mechanical action 
ing e second type of geological activity of liv- 
erties ter Metazoans strongly change the prop- 
S of soil by burrowing in it (for instance, 
Sosening the soil, earthworms increase the 
me of air in it by a factor of 2.5). The roots 
Rone Vernadsky, “Problems of biogeochemistry”, 

¥acctions BIOGEL, 1980, Issue 46, p- 22. 
w Look at Life on Earth, 


ie) J.B. L i ‘ 7 
Xford { ovelock, Gaia. A Neu ee eee 


t the most impor- 


Voly 


* 


Jniv. Press, Oxford a.0., 
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of higher plants (particularly woody ones) a 
change the mechanical properties of soil: kae 
consolidate the soil and protect it against sea 
Thus, erosion of a 20-cm surface layer of sol FY: 
Prairies takes 29 thousand years, but in Litt a 
174 thousand years. Forest vegetation is capab ki 
retaining soil even on slopes with a gradien i 
20 to 40°, Filamentous Cyanobacteria act vet 
similar manner: they create a kind of net ior 
Protects soil against erosion. In the mounté fe 
soils of Tajikistan there are sometimes: a 
than 100 m of filamentous Cyanobacteria in 1 8 


of soil! In fact, the ground underfoot does a 
feel like soil, and no heavy shower can wash 
away. 

The mechanical activit 
no doubt, a great influen 


ith 
yet, as to its scale, it cannot be compared wil 
the effect that neobiogenic matter formed 


living organisms has on the environment (re 
sult of the first type of 


geological activity, Sur 
nal to organisms). For a better understanding fA 
this influence, we shall briefly consider ba 
two main parameters Which ‘characterize ne 
physico-chemical Conditions of the environmen" 


ndex and the redox potential. “ 
he ‘ydrogen index (denoted as PH) characte! 


p ogen ions in a medium #5 
y equal to i com 
logarithm of the Ha ion contative | in the 
medium, expressed in gram-ions per litre; Pi 
alu within a tange of 0 to 14. The pH i 
distilled wat al water, with a P- 
ranging from 6.95 to 7.3, j é 


3 eu 
n ap <8 Considered to be n 
< A medium with a pH 


a » has 

y of living matter rer 
: i} 

ce on the envyironme 


. u! 
lower than this val 
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is h 

onered acidic, and with a pH above this 
l alkaline. 

a e o potential of a medium (Eh) serves as 

i be te of its oxidation-reduction capacity. 

volts, If ge is measured in volts or in milli- 

1e redox potential values are positive, 


Light 


Photosynthesis 


Methane 


Hydrogen 
fermentation 


Alcoholic 
ermentation 


fermentation 


Hy CjH,OH CH4 
matter and microbio- 


Fig 
- 7 

Photosynthesis of living ; 
c organic matter (after 


logica] 
al de E x f 
rasnovsky, 1977) of neobiogeni 


; medium is oxidative; if they are negative, 
medium is reducing. In recent marine bot- 
van ments, for example, Eh has been found 
They from +600 to —350 mV. 

viron influence of photoautotrophs on the en- 
Fip went is represented in a general form in 
by u - Photosynthesis in the biosphere proceeds 

te following reaction (simplified): 


6 
Co sunlight CoH1205 + 60. 
> Ust Y e 2t 


2 E GHO + 674cal 
chlorophyll 
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In the course of their vital activity photoauto- 
trophs continually produce oxygen. Because © 
this reaction, an oxidative environment exists 
in the surface portion of the biosphere. The in- 
tensive absorption of carbon dioxide gas by pho- 
toautotrophs also maintains a low concentration 
of carbon dioxide gas in the atmosphere. Not 
only oxygen—a strong oxidant—is evolved in 
photosynthesis, Organic substances also origi- 
nate, which are strong reducing agents. The 
neobiogenic matter formed after living matter 
dies sinks to the bottom of water bodies an 
decomposes in boggy soils, creating a sharply 
reducing medium under the conditions of oxyge? 
deficiency. Different types of fermentation evolve 
gases of various composition (see Fig. 7). The 

the gases is also determined bY 
nd there and by the 


re itial products. Thus, the da 
composition of organic subst, 


ic conditions produces hy 
ganic acids, and the anions S02-, PO?-, NO} 
Products of the decomposition of steppe herbs 
form neutral and weakly alkaline solutions’ 
decaying Wormwoods and saxaul leaves give ® 
ee reaction (pH -8.5), and the mass ° 
€caying conifer needles, heather lichens, p 
; ; 
© reaction (pH 3.5-4.5 


> to the effect that this 4) 
Say, the formation of sedime! e 


organisms, jg wrong. 
Separation of PH from o 
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0: 
ee anan Somebody was impressed by a tall 
BraWA to decided to find out why the tree had 
eisini such a height. In answer to his question 
on the ormed that the height of the tree depends 
its a nia of metres along the length of 
UTERE | I believe that an explanation with 
Planatic to pH does not differ at all from the ex- 
a a suggested above, since pH is also 
and it mie the same as a yardstick or a metre, 
PH, as annot be the original cause; moreover, 
on the a such, is quite often directly dependent 
is ne mount of CO, evolved by the organisms.”* 
or all mment by Polynov is supported by data 
The natural environments. 
Soto atmosphere is a part 0 
ioni ee to all living beings. 
of the oxygen and nitrogen, t 
hadsk atmosphere, was demonstrated by Ver- 
y himself. Today the question of the bio- 
tackled ag of other atmospheric gases is being 
chinson Investigations undertaken by Hut- 
this have contributed much to the solution 
made i Problem. *** According to calculations 
ydr y geochemists, 50% of all atmospheric 
tydrogen is formed as a result of the activity of 


Win 
ide : matter. The formation 
S a result of biogenic processes has also 


SSS 


Hous, B-B. Polynov, Selected Works, 
use, Moscow 1956, pp, 486-467 Ün Russian 
life affects the atmo- 


Y.C.G. Walker, “How 


f the biosphere, 
Biogenic forma- 
he two basic gases 


AN SSSR Publ. 


Sphere? 

Ste”, Bio Science, 34, 8, 486-491 (1984). , 

Testrial G.E. Hutchinson, “The piochemistry of ter- 
atmosphere”. In: The Solar, System (ed. G.P. Kui- 


433? Yt 2, Univ. Chicago Press, Chicago, 1954, pp. 371- 
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ation zones) the ee 
ceeds by hundreds PA 
t of the gas in equilibrium i! 
- Land plants, on the contrary, 
onoxide. Thus, in one hour a 
beech tree can Process 2.35 kg of this gas, whic 
is so deadly dangerous to man. Pee 
he influence of green plants on the nompošitaa 
of the atmosphere has long been known, but e 
a in these Processes has begun to A 
elucidated only recently. Tt turns out that bacte- 
i osition of soil air*, and Ee 
is i equilibrium with tae 
acteria are als ible for the ormatie 
of the gases of the Earth’s metabiosphere aney 
in particular, for the accumulations of com 
Living matter exerts a decisive influence on the 
Composition of the natural water of the Earth— 
also mainly by releasing neobiogenic matter into 
the environment. Thus, Water yields an acidic 
reaction which is most often associated with the 
biogenic Substances—carhon dioxide gas ae 
humic acids—that are dissolved in it, Photo 
synthesis taking place in the surface portions 
of water bodies Causes ition in the partia 
Pressure of carb e gas and an increas? 
in pH. The algae bloom occurring in fresh- 
water bodies, caused by the growth of Protoco’ 
°vanobacterja i 


a tpilereases the pH of 
or higher, The decomposition 


Zavarzin, Bacter; ae At 
ta and Com osition of 
* Moscow, Nanka, 1984 (in Russian), 
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Neobiogeni . 
ian oF organic matter occurs throughout the 
Dopulati water, and everywhere the living 
g 
Donite tion of the ocean breathes, leading to op- 
ies results: the partial pressure of carbon diox- 

gas in the we v incre: 

fected water increases and the water pH 
ases (rotting algae can reduce the pH of 


Bari to 6.4). 
tho po er oes bar conditions existing in 
mainly im sediments of reservoirs are determined 
in the jen the presence of organic substance: 
lions are oor of organic substance the condi- 
dative fae ucing; in its absence, they are oxi- 
ing the eg environment is created dur- 
compositi agnant conditions created by the de- 
reducing ha of dead organic matter by sulphate- 
gen sul vacteria with the formation of hydro- 
Movs ne This process occurs everywhere, 
Neobioge there are accumulations of organic 
ion (SO2-), substance, humidity, and sulphate- 
autointa >). If hydrogen sulphide is not removed, 

xication of the medium takes place 


(rece 
recall the zones of the Black Sea and the Ca- 
d with hydrogen 


riac 

o : j 

sulphi Depression contaminate 

ide). In this case the medium-forming 
articularly obvious: 


abili q 
a il living matter is P 
just mr sd of sulphate-reducing >: f 
Seh ove the bottom, with a thickness ol up to 
dey Poisons the sea with hydrogen sulphide to 
Hee of over one kilometre, limiting the 
he Ar of zooplankton and large sea animals to 
tipper 200 or 300 metres he garth’ 
ic Worl the representatives of the Earth’s organ- 
ant r d, microorganisms are the most impor- 
Man egarding their role in the formation of media. 
y of them are capable of actively changing 


bacteria, located 
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the environment in 
requirements. For 
acidic medium such 


accordance with their vital 
example, in an excessively 

microorganisms secrete neu- 
tral products instead of acidic ones, and in an 
alkaline medium they intensively produce acids. 
According to LL, abotnova, the evolution of 
microorganisms proceeded by way of developing 

the external medium, while 
the perfection of more highly organized organisms 


ation of their internal sphere 


5 bacteria and thiobacteria 
Play an important role in the biosphere: sulphate- 
onvert sulphate-ion into SA 
a perform the rapan 
l, 1.8, j hydrogen sulphide vo 
sulphuric acid. Ti ardly necessary to prove 
g role of these reactions: 
Im 1 tion was created by thio 
bacteria during the Kiev metro construction: 
g began they led a siserable 
: Bene sands. At those depths 
the bacteria suffered from oxygen deficiency: 
to the faces and the 


d air was pinta 
hydrogen index (pH) 9 a livened up. 
values 


the medium reache 
mk of less than 1 to put it in other words» 
‘ranean water turned into a strong solutio” 
vic acid). Withi 


cteri 


i in a month or two, mas 

siy h or tw 
ie pride d concrete bolts were half destroyed 
gineers i> : became critical, and subway €” 
ike it had qygMlY shake thoin heads: nothing 
iologists howe a Ppened before. Tt was oe 
? 1owever who came rescue. THO) 

found the guilty ones and re to the rescue 


Commended that the 
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Teod of tunneling should be changed. The 
pr ay engineers had to stop pumping com- 
eg air into the tunnel. 
Sin he case of the Kiev subway is not the only 
je anple When microbiologists have come to the 
hoy construction engineers. It is well known 
aie much trouble is caused by landslides in con- 
uction engineering. The ground scientist 
one Radina* has proved their bacteriogenic 
the N When an investigation of the grounds of 
proj izhne-Obskaya hydroelectric power plant 
oo was undertaken she established that soil 
ae a plastic state (becomes plasticized, as 
Me alana engineers say) because of the slimy 
porta (and, as later became apparent, gases 
tart surface active substances) produced by bac- 
ae The degree of soil liquefaction depends on 
tamer of food for bac 
mG ase phosphorus, and dead org 
idently, biological control of 


not far off. 
In aqueous ecosystems the medium-forming 


Tole of living matter iS, perhaps, manifested 
ae clearly and in a manifold way- “The het- 
eee cous living matter of the ocean, the 
of the sea, taken as a whole, may be regarded 
tl a special mechanism which completely changes 

e chemistry of the sea,” wrote Vernadsky.** 
deed, organisms that Absorb carbonates and 


teria (such as po- 
anic matter). 
landslides is 


pee 


* 

V.V. Radina, “The role 

formation of the properties of grounds and of their stressed 
ate ı Gidrotechnicheskoje ‘stroitel stv0. 9, 22-24 (1973). 

p. ee Vernadsky. La géochimie, Alcan, Paris, 1924, 


of microorganisms in the 
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ater not only change its see 
composition, but also change the acidity o. i “at 
asing the relative conten ble 
also exert a de eg 
aqueous medium, Near al 
ley are located 50 m wide coas of 
i iched with the feces of 

sting period the content ts 
Phosphates and nitrates in Seawater may te 
y a factor of Over 100, and the area of sea 


; A : imes 
cations enriched with these elements sometin 
exceeds 200 km? 


"ES 
> Oorly populated rocky soma 
have many inshore Water areas stretching 5 

res that are under the influenc 
of colonial Sea birds 


¥ tie chemical, but also the a 
ical Parameters of re medium, jts age oF 
mechanical characteristics. po 
believed that Indian summers n 
caused by the ivi iving matter, ori 

> autumn peak in the activ- 
ity of Saprotrophs. The explanation is rather sim” 

: a lot of decomposing 
organic matter during his Period results in 
ugh Cecomposition. n 
turns an summers are caused Dy 
fungi... 


ntly, an interesting Manifestation of the 
nedium-forming activity “of iving matter was 
k 'st in the Black Sea and later in tha 
y “bioelectric effect - 

lat living substance 
n) creates an electric field with 
large, and accumulations of neo- 
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biogenic matter (dead plankton) create positive 
fields, * 

_ In recent years the medium-forr 
living matter is being revealed to 
ing extent and in the most diverse manifesta- 
lions. One of the more general conclusions has 
heen formulated recently by Yu.V. Davydov, 
u.P. Kazansky and V.N. Kataeva: “The 
Vegetable world actively affects the composition 
of gases in the atmosphere and, accordingly, the 
‘onic composition of oceanic water, but animals 
exert almost no influence on the atmosphere, 
although they do change the cationic composi- 


tion of seawater.” 

Evidently, still much remains unknown about 
the influence of living matter on the medium, 
and what is known requires comprehensive 
evaluation in order to form general conclusions. 

his is why we have discussed the medium- 
Orming role of living matter in such detail and 
With the use of diverse examples. The develop- 
Ment of a general theory about the medium- 
orming role of life still lies ahead. 

“inally, the fifth main function of living mat- 


er in the bi ‘œ is that of transportation. 
es ras known that the 


uven i A í 3 

aow pees sare init is determined by 
he gravitational force of the Earth. Nonliving 
atter on the Earth moves by itself only down- 

wards. Rivers, glaciers, avalanches, and taluses 
ove only in this direction. 


eee 
dnitsky, “Measure- 


* 
R.M. D i A.M. Goro! ; 
pent of alone aise in ‘the ocean”, Transactions of the 
Stitute of Geology of the Arctic, 181, 88 (1979). 


ming activity of 
an ever-increas- 
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Living matter is the only factor (in addition to 
Surface tension) which effects the reverse move- 
ment of matter, upwards, from the ocean to the 
continents. “Terrestrial organisms feed on ma- 
rine food on such a large scale,” Vernadsky wrote. 

that this may compensate for—or at any rate 
return to the land—a commensurable portion 
of those chemical elements that rivers take from 
the land to the sea in solution. Since the Me- 
Sozoic era mainly birds have fulfilled this func- 
tion.”* Shoals of sea fish going UP rivers for 
Spawning also contribute. And a considerable 
Portion of matter is transferred from fresh-water 
odies to land by countless hordes of winged in- 


Sects. As regards horizontal shifts, here only tor- 
te with accumu- 


in the 


distances over which it is transp 


no other competitors. 
ter pone aa A s a mart 
e bi re. Ver! <} i 
a aitor orn hragas T reconstructs all the chemi- 
cal processes of the biosphere- Living matter 
os the most powerful geological force, growing 
With time”** (from this statement we borrowed 
the title for this chapter). To Pay homage to the 
8teat founder of the theory of the biosphere, 
erelman suggested that the following generali- 
zation should be called “Vernadsky’s Law : The 


ctions of living mat- 
wrote: “Living 


ae 
ryt, Vl. Vernadsky, Works, Y- 4, Book 2, p. 93 (in 
Ussian) ’ 
tructure of the 


<< è r 
V.I. Vernadsky, The Chemical Kanka, Moscow, 


Ear’ 
1965, s Biosphere and of Its Surroundings, 


Krill—routine diet of whales, 
(From: A 


ize. 
Tens of times natural siZ 
ory, The Living 
P. 41.) 


6, 
Ocean, Leningrad, 197 


of 
© antarctic shelf at a depth 0” 
: erous starfish isible. (From: B.C. Hee 
1971, E 62.) Ollister, The Face of the Deep, N.Y. a. 
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Migration of chemical elements in the biosphere 
1S accomplished either with the direct parti- 
cipation of living matter (biogenic migration) 
or it proceeds in a medium where the specific 
geochemical features (Oz COo H,S, etc.) are 
conditioned by living matter, by both that 
part inhabiting the given system at present and 
lat part that has been acting on the Earth through- 


Out geological history.”* 
Se 
* A.I. Perelman, Geochemistry, Vysshaya Shkola, 


A 
Moscow, 1979, p, 245 (in Russian). 


t 
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4. Three Factors: 
Bio-, Eco- and Tapho- 


ral 
The final quantity and quality aj RAT 
Products depend not only on the conditi stent 
formation but also to a considerable e: 

on the conditions of preservation. 


5 
Johannes Walther, 189 


? e 
The formation of paleobiogenic matter yee 
Earth’s crust is controlled by the following t 
factors: hich 
First, the productivity of living matter W d 
serves as initial material in the formation | 


. i 107 
biogenic matter, i.e., the biological factor (P 
factor); 


Second, condi 
concentration of 
ecological factor (eco-factor): “sion 

Third, circumstances ensuring the transit 

iogeni into the fossil state, i 
(tapho-factor). e 
ll consider how the abo” 
ontemporary biosphere. jon 

d that the distributhiy 

iosphere is extrem 


distribution of living 
ernadsky introdue 
there is a maxim ijy 
ife, “which is perpetuae 
but occupies the same locations in 


concentration of 
varying, 
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Earth’s envelopes corresponding to the bio- 
Sphere”*, Vernadsky has characterized two forms 
of life concentrations: films of life which cover 
tremendous areas (e.g., the planktonic film of 
life which covers the entire upper part of the 
Water body of the ocean), and local concen- 
trations of life in more localized areas (e.g., 
Concentrations of standing water bodies). The 
gree of life concentrations is usually measured 
Y afew metres or dozens of metres; it is rare for 
the degree of life concentrations to extend to one 
r two hundred metres. Thus, in relation to 
XC biosphere as a whole, it is measured in neg- 
ligible magnitudes. The rest of the biosphere is a 
“One of rarefaction of life. ‘ 
eveloping Vernadsky’s idea further, Pere - 
man** noted that the entire biosphere is dis- 
tinctly divided along the vertical into two 
zones: an upper zone where photosynthesis occurs, 
and a lower zone where photosynthetic reactions 
‘annot proceed. He suggested that the upper zone 
my called the “phytosphere” and the lower zone, 
e “vedusphere.” Vassoyevich,*** however, has 
criticized these designations and suggests ae 
mead the terms “photobiosphere” and “mela - 
There” (from the Greek root ‘wena’, dark). 
ut the term “melabiosphere” is not quite ape 
ToPriate either, since it differs in only one let- 


p. toa": Vernadsky, La biosphere, Alcan, Paris, 1929. 
ag i landscape, Vys- 
A. mistry 0 c 
“haya Shko, grees Geocher 34 (in Russian). 
th "N. Vassoyevich “Various interpretations i 
Orp CONCept of the biosphere”. In: Investigations of ae 
Moarte Matter of Recent and Fossil Sediments, Nauka, 
ta Seow, 1976, pp. 381-399 (in Russian). 
A 
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ter from other terms which have been introduced 
by Vassnyevich, eg., “metabiosphere” and “meg 
biosphere”, 

In scientific terminology the Greek roo 
‘pelag’ is transliterated more often as “mela: 3 
than “mela”; for example, there are such termi 
as “melanium”, “melanite”, “melanines,” “me 


noresinite”, Accordingly, we shall use the term 
“melanobiosphere”, 


he border between the 


d 
photobiosphere oe 


: e 
Osphere and the populate 
it is the layer of the 


a er' 
and the melanobiosphe? 
ically into smaller 20 a 
> the Soviet researc 
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Yu.P. Byallovich introduced the concept of a 
1ogeocoenotic horizon, and defined it as follows: 
lat The biogeocoenotic horizon is a vertically iso- 
tl ed and structural part of the biogeocoenosis 
hat is further indivisible vertically. From top to 
aaron this horizon is uniform in its hiogeocoe- 
fe components, in their interconnections, and 
Pe the transformations of matter and energy 0c- 
urring in it, and in these same ways it differs 
Tom the neighbouring pbiogeocoenotic horizons, 
cquctioning as a roof and bed for them.* Biogeo- 
ee horizons, for the sake of brevity, are 
ig ed biogeohorizons. In ecosystems of all ranks it 
bi Possible to observe not only these elementary 
logeohorizons, but also strata of higher ranks, 


V . 
vaich may be called ecohorizons.** The photo- 
are eco- 


Xosphere an elanobiosphere 

‘orizons of m highest _-global—rank. The films 

> life distinguished by Vernadsky may be re- 
arded as specific examples of ecohorizons. 
According to the landscape principle, all eco- 


i i= 
ystems of the Earth’s biosphere may be classi 
marine ecosystems, 


into three main groups: 
ea Sane inland water 
bodi ecosystems, and ecosystems of inland 


Odies, 
et us consi ‘tribution of living mat- 
onsider the distribu $ l 
ation of biogenic 


and the method of accumulat 


ter 
f ecosystems of 


Su 
pbstance in these main types ° 


è biosphere. 


Han, Yu.P. Byallovich “Biogeocoenotic horizons”, 
è MOI -45 (1960). x > 
tas A.V. Live Po Ria piosphere, its boundaries 

Ccohorizons”. In: Sedikakhites 0” Different S faxes of 
genesis, Moscow, Nauka, 198% PP 49-49! (ins Bus- 


Sian 


r res 
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Yu.Yu. Marti 
main problem in r 
“Biogenic salts in 


he 
aphoristically expressi T 
marine ecosystems as fo mei 
the depths and the a tae 
light at the surface”. The World Ocean “solagi? 
of water body (oceanologists call it the p cea 
zone) and the bottom (the benthic zone). In Of the 
ology, the Pelagic zone within the limits Of ihe 
e is termed the euphotic a the 
ower part of the Pelagic zone is reigns 

In essence, these are three se 

tained eco orizons of 
Wards): an euphotic zo 


> each of 


n- 
ee o 
e half-closed basins with li 


À life 

ernadsky* distinguished two films P unree 
(planktonic and enthic) in the ocean and 
types of local li 


aa 
ife Concentrations (littoral, S$ 
gasso, and reef). Both fi s 


S of life are confined i 
the interfaces; planktonic A 


n. 
euphotic zone of the ocea 
n the composition of p.. 

ally di 


: rastie” 

ving matter it ra 

differs from land ecosystems: organi. of 
y Suspended in 


3 e 
Water and incapabl 
Mg currents domi 


san- 
nate here (these org 

* WJ, Vernadsky, “Ozeanogr, Bite uni Geochemig,” 
Mineralog. u, p “rograph. Mitte M4, 2/3. eSa (198 


Con 
tinent Neriti Ocean 
ic = 
a Oceanic area 


efactions of 


ři 
li 8. 8. n 
Me i Ecohorizons, concentrations and rar 
e World Ocean: 
a of life; LIT local 


ef; 4— 


Coppa 
—penthic, film 
ter; 


baanktoni 

weCentra te’, flm of life; 

PWwolling Ons of life: lite; TT shore; sargasso; 5— Tech; 
Tarefa abyssal rift; ZV—" welling of abyssal Wa 

ction of life ; P 
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. au- 
isms are called plankton). 4 community or 
totrophic planktonic organisms is called Peet 
plankton, and that of heterotrophic orga logist 
zooplankton, The renowned German bio aaa 
ohannes Peter Müller (1801-1858) first pro asta 
evidence of the specific nature of plankton 
Community of marine organisms, he sin- 
] Until recently it was considered that the do- 
| gle-celled diatomic algae (ranging in size ee 
Zens to hundreds of micrometres) were the ducts 
important Contributers to the primary pro ago 
of the Ocean, but Studies Carried out not long ary 
revealed that from 30 to 80% of the prin a 
Products are Provided by i 


: le 
um) p ptosynthesizing organisms MEE 
Picoplankton from the Spanish pico, mea 
small quantity) 


inate 
` Cyanobacteria predomin 
among the Picoplankton*, 


2 
5 
a 


ac- 

‘uphasicea); tied 

these Crustaceans are ca il: 

krill”. Krill ig the basic diet of whales. Rega 

ing biospheres of the geologica] past, the p 
Position of their pla ktonic film of life is c 


ail in an excellent Paper by H. Tap- 
Pan and R: Loeblich# 


e. 
eria: \mponent in the food W 
28, gis of the open Ocean”, “Ay 

5 

4 


] j ical 

implication PPan, ALR, Loeblich, Jr., “Geobiologi a 

gy Plication, fossil phytoplankton evolution and Hn 5 
e ion”, @ if } po and 
247-340 (1970), ° eol. Soc Am., Spec aper, 


g 
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îs Ths population density in the planktonic film 
bak h that nine tenths of the living organisms, 
tien ey plants or animals, are devoured before 
iaae of their natural death: Copepoda devour 
Cru ms and, in their turn, are devoured by larger 

staceans, etc. The number of living organisms 


È LAE, 
0 
fi 


Aa 
N 


RA 


p 
o 
LAS 
S 
= 


400 


ò 
T: ? 9 
3 
Ko 
mass along the depth 


ankton bio: 
after Lohmann) 


Fig. 9. Distribution of pl 
latitude ( 


depending on geographic 
in the planktonic film rapidly 
depth (Fig. 9). According to the data obtained by 
an expedition that took place in the 1930s, the 
Population of living organisms in 4 litre of sea- 
Water was as follows: in the surface layer, 10 147 
individuals; at a depth 0 m, 9443; at the 
depth of 100 m, 2749. The thickness of the plank- 
tonic film as a peculiar concentration of life was 
estimated by Vernadsky to be 5 


The euphotic zone is the kitchen-& 
ocean. Here is where the major part of the au- 


totrophic living matter of the ocean is synthesized 
(we shall discuss the exceptions on a later page). 


decreases with 


i heres 
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' a 
the whole ocean (which is cme 
and the energy it accumu aoa 
Tce for most of the pais paar 
ng in the ocean. The ee 
is tremendous: it supplies film 
ure rocks. The planktonic nic 

normous amounts of aie os in 
| patter which, however, cannot accumula 2 
it, but descends by gravity into the mas 
Water until it Teaches the bottom, , eous 
nder the Planktonic film a thick aae fare 
aphotic zone of “life Tarefaction” (after 


tic 
nadsky) ig located. The thickness of the apho 
zone is 40 tim 


5 he 
es that of the euphotic zone (t 
average depth 


e 
of the ocean is 3800 m) and tar 
density of living matter in the aphotic ZOR iia 
several orders of magnitude lower than in 
euphotic zone, This j 


. om. 
S Is a region of eternal glo 


of life Produces e 


indi a eS te ter 
ere is no indigenous autotrophic living ae 
in the aphotic zone, eterotrophic organ 
feed on detritus, ice 


rede. Donliving organic or 

ter, or they are Predators, The detritus scape 

Consists of Pellets, Which are reutilized se 

times by livin Tganisms during its AT 
through the oceanie Zoneg, The nutritional va 

oF the detritus Steadily , iminishes. sae 

‘he aphotic zone is thus a transient zone. —— 

in the soliq State also does not x 

ere, though the Content of miners 

peeing elements i dissolyedq state is highe 

tic zone. 

film of life corresponds 

1e Concept of the benthic zone as ene 

y oce*Mographers, Out of the 169 GOO vexistit 

Species of sea animals 157 000 live here. As W' 


4 GU g; 
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iy see later, the concentration of living matter 
ea 1e benthic film within the shelf may be quite 
Nsiderable, In Vernadsky’s time, the benthic 
wae had been studied only within the shelf, and 
sheli. to this he mistakenly extrapolated the 
tae data to the benthic film as a whole, regard- 

a it as a receptacle even richer in life than the 
panktonic film*. It has now been established, 
ever, that in the deepest regions of the ocean 

le biomass of benthos does not reach even 1 g 


Per m? of the bottom. A ae 
ecently, scientists from Columbia University 
ting experiment in 


(USA) i n 
carried an interes 1 
Sat cae f the Pacifict*. A 


the east-equatorial region © 
Camera TA depth of 4873 m automati- 
cally photographed the ocean floor every 4 hours 
ver 202 days. During this period, only 35 animals 
crawled or walked within the camera's field of 
oe In other words, 22 aningal paned by, on 
e avera ice in six days mo 
1 There et oniy Correlation petween the distri- 
ution of the biomasses of the planktonic and 


enthic fi ori d, jag 8 Tuler aen rha 
> films of life; an@s © nd to areas with 


oe biomass of plankton correspo! A e Pene 
an increased content of living matter } a Soviet 
uc zone. In honour 0 a agent pa it 
Oceanologist who discovered this a mea T 
is called “the Zenkevich correspon 


ciple”, 


ee Pa 
i ie’ 

* W.J. Vernadsky, sozeanographio und 699 (1933). 

Mineralog. u. Petrograph. Mitteil., 4, #197 

pot AZ. Paul, EM. iMhorndikes „L 
.C. Heezen, R.D. Gerard, “Observatio gra 

TA floor from 202 days of time-lapse P 

ure, 272, 5656, 812-814 (1978): 
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While formation of the planktonic (surface) 
film is dependent on the Penetration of ann 
into the Upper layers of the ocean, the accumulé 
tion of life in the benthic film of life is determin 
by the presence of... a bottom or floor. Natural y 
the bottom or floor as such does not feed the oga 
isms; however, it retains all that was not e 
earlier (and leftovers are said to be the tastiet 
i " solid Substrate provides a hidi 


All that lives in the benthic zone (except pel 
ators) feeds on detritus, Mud-eaters indisee 
evour mud and assimilate the dot 
Contained in it. The most active mud-eaters ea 
are worms, holothurians, § 


5 
S, and starfish, In addition to them, othe 


ivalved mollusks, Ophiuroidets 
alacostraca Sopoda, Amphipoda, crabs) ar 
ihe some fish (plaice). As a result of this actin 
ity the surface layer of bottom sediments Je 
e aly “shovelled up” to quite a considerab 
depth®, 
i i d 
The Sovieț Scientists Ag, Alekseey an 
D.P. Naidinss recently showed how divers? 
the effects of the burrowing benthic fauna can $ 
(Fig. 10). Under the action of organisms texture 


“SKOK. Turekj, ster; 
“Bioturbation we kian, J.K. Cochran, D.J, De Ma 
} (1978) ation a deep-sea deposits”, Oceanus, 21, 1, 34 


AS, lekseey ao acs es of 
Sedimentary edict? D.P. Naidin, Disturbances, q, 
Miner, Resour., 4, By ittoral snvertebrates”, Lith 
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are 
often formed which resemble shrinkage 


& 

fea traces of small erosions and roiling. 

only fn th, such textures 

tion ice process of diagenes 

AA uced by organisms on t 
anical intermixing W 


“manifest themselves” 
is. The main ac- 
he sediment is 
hich increases sediment 


me Di i f bottom sedi- 
10. Disturbances in the bedag S opettent com- 
filled-in areas 


m 
Position are d by lugworm; 
are indi a 

af indicated oY 1973) 

homogeneity. But there are aimi amend 
opposite direction: they € A 

and nee pees e q “still or ee ae 

š 3 , 

b Most diagenetic reactions @ ae athe diagen- 

Gene This “hiological reacto” detritus. As 
a OF hapa sediments wosition the detritus 


A ] significance 
s. unhe sedimentolos’ ils (ed 
D. Howard, The ‘study of Trace Fossils A36 l 


of trace i 
fossils”. In: The A 1975, PP- 1 
W. Frey), Berlin a.0-» nger, 
| 
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- the 
slowly disappears from the muds, Ties de- 
bottom water is markedly enriched wn carbon 
composition Products, first of all with M al 
dioxide gas, hydrogen sulphide, hydroge drops: 
ammonia; the PH of the bottom water lutions 
gen disappears from the mud edome 
and the f “yY oxidizing medium HAEE 
accompanied by an Eh drop to @ 

e. 


e role of the ben : rtant 
film of life, in the biosphere is no less impo 
than that of 


tonic 
the planktonic film. If the plank 
1m is the kitchen. 


ket atter 
aving been Created by the living m 
e ocean, all] that 


he 

immured there for ages. Tola 

of life Supplies raw ae the 

» While the benthic film ‘lation 

main oceanic &cohorizon where their accumula put 
takes place film is the main, 


en 
one of accumulation, as has be 
shown by recent investigations. f the 
J.P. aitsey*, Corresponding Member o 
Academy of Sciences of the 

ered an į 


. ha 

krainian SSR, on ar 

a Interesting Phenomenon—“an ow pig“ 

ot cadavers”, Te turned out that not only ir 

bodies of large organisms float up after ae 

death (as was earlier believed), but also bn 

of vario Small marine organisms, They aoe 
sink, but when Passing through the surfaco lay 

Zaitsey, 
> D. 113 GUEI Sea s 


ka, 
urface, Naukova Dum 
Russian) 
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t e 

os for substantially enriching it with 
Deaton a en matter. _ , , 

the near r SOUIGE of nonlivins, organic matter 1n 
by gas ae layer is organic matter absorbed 
nowlin; bubbles rising from the ocean depths. The 
ving organic matter, transported in gas 
exceeds the 


b 
ubbles to the near-surface layer, 
n the process of photo- 


As a result, a lot 


foa ed into a snow-white 
to m—that very foam, out of which, according 
ancient mythology and as depicted by Sandro 
y celli, Venus, the goddess of love and beau- 
» Was born. 

Ge population of the near-surface layer of the 
oer mass is quite distinct. The five-centimetre 
Fite) of water intercepts 0% of the solar ra- 
diation. The ultraviolet region ot, 

is p adoxical that pho- 


Is : 

mainly absorbed. It 

ssed here- 
S 


t The number of bac- 
eria in th l is hundreds and 
thou he near-surlac! s He lower ho- 
Ausa ; ater han in the lower 0 

nds of times greater ape fovel of the 


ri 
zons of the water mass- z 
f the m 


tr A P 
tro Phic pyramid consists © nds of mol- 
pha: protozoans, larvae 0 4 other ani- 
man worms, crustaceans, ©? and "ash and 
mals. There are quite 4 lot of young Š 
icrolayer: þiology, 


* r 

J.T, Hardy, “The sea surface My H 3 

{hemistry and satropogeni enrichment + Prog. Oceanogr» 
» 4, 307-328 (1982)- 


: s 
298 Traces of Bygone Biosphere 


gametes and Zygotos of organisms—fish eggs 


in the near-surface layer, all keeping to the 


t 
Very surface of the water. Finally, subsequent 
levels of th 


© trophic Pyramid consist of large 
invertehratog, fish, and sea birds. the 
i ed the near-surface layer of re 
ator of the pelagic zone”. F ba 
ea inhabitants are concentra sea 
there. At the same time, it is the surface of the ith 
ost susceptible to contamination pe 
and petroleum Products, which ote 
le quantities of tender young er 
a it, “the region of mal 


langer... d 
» Concentrations au 
are found in the ocean. en jn 
ave been known to mankind for ages; 1? 
the ocean ey Were discovered rather recentis 
Oc jp ater desert was found in the che, 
a 1 e region of the Hawaian Islan a 
where t concentration of living matter T 
frond © be 3x 10-604 | In other wor me 
1n order to Collect a One-litre jar of marine it 
io ould have to fil illion li 
of oceanic Water, ee 


Y classified the local concentrations 


( cean into three types: (a) near-shore 
Sargasso; and (c) reef (see Fig. 8). itic 
i concentrations correspond to neri 
regions of ot Sa matter of fect, th 
3 ste, where both fil life, the pla 
tonic anq the ben ic, mee ae aie thos? 


a : 
ife which they carry—sunlig 
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“TBB”.) 


: Mussel bank, (Publ. in the Russ. ed. of 


ian the near-shore 


Co. Solid substrate. Moreover, 


e continent and are Su» 

mage good thing: ane sionin 

this enables repeated use Ot m 

in |) As a result of all these positive Rage 

Dlan car-shore concentrations the ie a 

bento” is hundreds of times, ant oo greater 
than Jo fauna, many thousands I 


gree of ing of sedi 3 
ney S to he high, In fis near-shore ganeen 
Often of life the excrements 0 eal ident ie 
“diment out to be the main 

isti en- 
trati distinctive feature of the Jeai-ahore eonun 
40S of life is the predominance of m 

~01295 


i heré’ 
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neous accumulati 


ce up 
seas, except tropical ones, mussels make oe 
thick littoral border. Their biomass s metre 0 
Teaches dozens of kilograms per square 
the ground, 

high conc 


ele- 
: “{ 1 sk 
€ntration of organisms witl 

tons of Calciy 


o 
aran 
m carbonate leads to the E from 
ot coquina eccumulations. Based on onstrate 
the Az, ea, Aksenov dem i 
that 


p: 
: ulatio 
formation of large coquina aee pate o 
takes place in the case of a high ae a of the 
the h nth, sea or shallow regio. 


ompos™ 
a . c 

e redominance of coquina in the 

tion etri 


trital de osits, etc. re COD” 

Other aspects of the activity of yan 
centrations of life are illustrated by the banks in 
investigation of mussel ] resensk} 
ea, carried out by K.A. Vos madsky'® 
in the 1949 directly inspired by be remark 
i ` Yoskresens y’s research was bot d, one o 
able and, į not the only one of its kin rticula 
the few a that time, ang therefore of ae obser; 
value, Į oratory experiments and ie muss? 
the activity ation 
Controls the Colloidal compos i shor 
Coastal wa > sedimentation within believe 2 
imits, an Sten, more difficult to be witht 
once—no Jes ulation of water v 


ese functions (in 


ter 
the preceding chap 
iscussed as th 


i dium 
e concentration, me 
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formi 

ished ae transportation functions) are accom- 

sels, Bi irough filtering of inshore water by mus- 

that AA E circulation is set up due to the fact 

comes li T free from colloidal particles, be- 

Was als ghter and ascends (Fig. 11). Later on it 
o established that many organisms from 


Fi 
a E 14, Schemi + ay : ‘ 
1 e of biogenic circulation of yaten iñ 


Near-; 
948) shore concentration of life (after Voskresensky, 


the ne 

of life secrete mu- 
tom sediments. Bi- 
noderms, and 
nisms. These 


ar-shor ; 
Cous ath Shore concentration 
ya ve stances into the bot 
T mollusks, crustaceans, echi 


emi: * 
cone ordata are among such orga 
(Stick Substances, as well as mollusk byssuses 
of me easily solidifying filaments with the aid 
Stra ch mollusks attach themselves to a sub- 
and other forma- 


tate 

tio; $ ) homes of polychaetes, 

plime d to the mechanical strength of bottom 

a as: In this way, conditions are created 

Phare Preservation of sediment grains in an 
ntly foreign hydrodynamic medium. 


ep ses life concentration of another type is 
ions; these are 


Sas 
tehed te or Phyllophora, whic 
ation 6° the sea bottom. Tl 
y high biomass 


nj 
lay S characterized by a Ve 


. $ 
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and an extremely 
matter. 
Christopher Col 
der of nature, thi 
where the depth 


low productivity of living 


umbus first described this a 
s “grass” floating in the open = 
reaches 4 to 6 km. “At dawn 


i 3 ner 
Fig. 12, Brown alga Sargassum natans. (From: K. Ster 
Evolution of the 


World, Moscow, 1909, v. 1, p. 332.) 


a it as with ice. The grass was E 
ing from the west”, Columbus wrote in his di 

won tember 24,°1499. Tha following day cs, 
Wrote: “For part of the day there was no gt 

t became quite dense.” to 

The brown alga Sargassum owes its name f 
ortuguese word “sargaco”, a cluster 
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aias. These algae are yellowish-brown plants 
isti strongly sectioned “leaves”. Their character- 
1c feature is the presence of spherical air sacs or 
2 adders which resemble grapes. A tangled mass 
th the algae with its animal inhabitants is 
e sargasso concentration of life, distinguished 
Y Vernadsky (see Fig. 12). i 
of jessica] example of a local concentration 
as ife of this kind is the ecosystem of the Sar- 
“S80 Sea located southeast of North America. Its 
ts amounts to four to eleven million 
the 2 i.e., to about 1% of the entire biomass of 
The ptotrophic living matter of the World Ocean, 
expl ow annual productivity of this sea can te 
tion 2ed by its specific hydrological con i 
stre _ Its boundaries are defined by an elipti 
fom and vertical intermixing of the water 1s 
Another similar local concentration of life 
S aS found in the northwestern part of chee 
biology one of the founders of Ruse 1945). 


There®? Academician S. . Zernov Lae aie 


14 000 kn f the genus 
ge A red alga of th 3 
concentration of the re R bottom, is 


w 
Yllop} 
located. tara, not. attachée ia centration of life 
the Guillion t i arable : 
Ora field” (so called in ho 
prey ophora is being collec 
uction of id. 
last eef Ee acti A f life are the third and 
Ver tYpe of local concentrations of life known in 
the adsky’s time (we shall consider them 
next chapter). In our times bw other charac- 


Te 
er. vt an area of about 


: heres 
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teristic local 
upwelling and 

While in sar; 
tivity of livin 
intermixing of 


ished: 
Concentrations were establi 
abyssal rift ones. odut- 
gasso concentrations thie. A weak 
E matter is limited by th wher 
Water, in upwelling regions, 


he World 
Fig, 13, Upwelling concentrations of life in the 
Ocean (after Lafond, 1966) 


poge! 
Water enriched with phosphorus and an 
rises from a eeper to a shallower dept oy is 
Productivity is tremendous. This tandan ree 
specially o Vious in tropical and Speer 
Slons (Fig, 4 > and explains why all the largio 
UPwellings on a planetary scale, namely, ogli- 
eruvian, Canary, Bengali, Somali, and The 
ornian ones, are in exactly these regions. 5 is 
ductive tem in the World Ocoing: 
located in the f the Peruvian ODE ate 
t5 area, occupying only 0.02% of the total 7 
area of the 


f the 
ocean, yields up to 15-20% o: 
World catch of fish. 

imane Y ‘the Jase of the concentrations mee 
m the ocean known to date are the abyssa! ! 


ife 
f vi 


4 Thr 
ee F 
e Factors: Bio-, Eco-, and Tapho- 45 


concen 5 
ona a (not to be confused with reef 
S noet ese life concentrations (undoubtedly 
Februar seni ones!) were discovered on 
ter Fess 19, 1977, when the American deepwa- 
cific Ocea ‘Alvin” reached the bottom of the Pa- 
O n at a depth of 2540 m, at a distance of 
o the northeast of the Galapagos Islands. 


“The tors 
mal ae basalt landscape had quite a dis- 
arance: monotonous fields of brown “pil- 
fissures; in an 


Ows’?# 
area Pes cut up by numerous 
Possible pa da square metres it was not always 
Cipant oF find a living creature”, wrote a parti- 
Mond, “B this expedition, Professor s 
cefs of ut here we found ourselves 
valve m mussels and whole fields of giant bi- 
fish Filmer in crabs, actiniae, i 

e a pe to bathe in the twi 
a circle encountered a field of hot springs. Inside 
Water fl approximately 100 m in jameter, warm 
ii ahe Seg ont of every fissure, every opening 

The v floor”. 

ho aaa “oasis” was immedia 

m a orld’s press. Numerous photographs of 
ut ini ppeared in many 
Such Py ee it was abso 
zone, į ourishing of life appeared in an abyssal 
hand} n the kingdom of eternal darkness: All the 
9 ooks on ecology, including the very latest 


es 
Sly repeat t 
wil] ee exist without 
the nA no sources of org 
ese fa as the absence 0 
ange giants feed on 


lutely unclea 


anic 
f foo 
in t 


q”. So what did 
he complete ab» 


* 
W = 
hat is meant is pillow lava: 


jospheres 
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sence of plants (where coul 


in t 
ee P22 Wood) One can Pot” ble source 
warmest water, only when a dependable 
of food is present! 

As Shakespeare’ 
is a lot in th 
men of wi 


at 
d they appear from 


to- 
oau 
macrofauna— feeds on chem - 
lcroorg: 


we 
‘the (tt this way, these abysea o 
munities (the Only on 

endogenic (not ure 
first an oe “spe distinguishing Ser. 
of abyssal rift concentrations of life. (Biop 
oXygen also Participates in the reactions Si ssa 
out by mic nisms; in this Tespect; az vie 
Not quite autonomous ho- 
Tetain a relation to communities based on P 
tosynthesis,) 


ort 
T W, Jannasch, “ph, chemosynthetic PR ere 
of life a I $ microbial diversity at deep-sea n 211- 
al ven , s e -> 3 5, A 
a Goss roc. Roy. Soc London, 22 


let- 
4, Boyle, “Ecosystems of deep-sea vents Rii 
J a Science, 230, 4725, 498 (1985), 

] 
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ae second feature is the widespread propa- 
aiot. of symbiotrophic organisms”. Chemo- 
u otrophic bacteria frequently (but not always!) 
g nction directly in the body of multicellular or- 
Ste and even form small crystals of virgin 
phur there. Thionic bacteria are concentrated 
cies) special organ in rifties (Pogonophora spè- 
lion’, nd their number there reaches 3700 mil- 

n cells per gramme of weight. 


he third disti goles fea 
fata of Die do AB nderful peculiarity 


“milies of segmented worms, pogonophors, 
gen 0Pods, and orastkgenns] not to mention new 
in era of various types, have been descri ae 
tant, yssal rift concentrations**- Many in ir ie 
ete of the abyssal concentrations hayo ns ra 
te San into the manipulators © the deep 
known only 


Photographs. 
re typical inhabitants a 

ions of life are the rifties—" e 
® newly discovered genus of pogonoPh ae 
© name is explained by their inha 


0 

W] 

the <: 

biog cinity of rifts. Rifties 2 

a A m long and with 
& 


Centr. 


ot 5 

‘ae animals up to ss 

yy meter of 3.5-4 cm tha in 

AAE protein iai Si rift 

er typical inhabitants of the aby 

a out m josis of chemoautotrophic 

Ven ctia me avanaugh, “Symi rates from hyđrothernal 

7 ana roaucting sediments”, Bull. Biol. $06- a 

i male imal: distribu- 
T.F. Grassle, “Hydrothermal yoat P3717 (1985). 


n and hi 
a biology”, Science, 229: 


res 
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2 the 
i like 
concentrations are tube worms, pich, eo f 
rifties, live in tubes (made of lime grese 
ewly discovered r e 


of life graze on the “ 


á tu 
groves” of rifties and 
worms, like liy 


s p 
estock on floodplains. y? ie 
to 30 cm) bivalve mollusks settle sloni cl es 
Sures from which the hydrothermal Spri inort 
cape. Their flesh, like that of rifties, is 

ic bacteria. p anothe! 
of the inhabitants is In “Tb? 
feature of the rift Concentrations of life. 4975s 
nvertebrates” published in of life 
two years before the rift concentrations pA 


were discovered, a species that reached 0 wa 

in length, with a body diameter of 6 Pror ms 

i a giant among the wha abov® 

n the other hand, the Tifties, as mentione ngt? 
are larger p more 


concentrations ha 


P jou 
which here Teach 0.44 m—a size previ 


e 
ife hav’ 
> aby rift concentrations of oon 2 
very restricted dimensions dozens of me pydro” 
on around the active vents of 
i 


-n the? 
ings—but the density of life in t} be 
fi 


hig 

I Ve orders of magnitude (!) alo”! 
er than is usual in abyssal zones. This fact Jif? 
emonstrates that the rift Concentrations 0 
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are 
viie Sindoni ofa direct influx of solar energy 
voe ee entirely on the existence of 
only a hag springs whose life is apparently 
Tench fa dozens of years. Scientists of the 
visited Penne “Biocyarise”, who in 1984 re- 
ered sitet oases of abyssal life they had discov- 
Structure ier, registered serious changes in the 
in only { of the communities that had occurred 
tivity ] wo years*. Where the hydrothermal ac- 
ommu dad terminated during this period, the 
inities of organisms had also fallen apart. 


Y accumulations of giant mollusk shells 


So 
ations of the recent 


m 
omae remained as indic 

shing of abyssal life. 
Cated the rift life oases known at present are lo- 
at de in the eastern part of the Pacific Ocean 
locate of 1500-3000 m; their major part is 
Cific traa the axis of the midocean Bast-Pa- 
N.LuPheavals**, namely, at 24° N-Lat., 10-43° 
and af nn the equator (the Galapagos rift), 
Conce: Raster Island (27° S.Lat.). The northmost 
p centration of life is beyond the limits of the 


ast-Paci f 
Withi acific upheaval, on the Juan-de-Fuca ridge. 
3 hese sections, 


there n the confines of eac 
are generally several isolated ephemeral 


Oase 

und 0Zens of metres in diameter spaced severa 

the “Cds of metres apart. The overall length of 
ations of life 


n the wdianal belt of rift concentt 
Kilo Pacific Ocean is about eight 
Metres, 


thousand 


* 
esana: Laubier, D, Desbruyères, -bes 
“M, Re e iB, Aai, SOTD (1984 
x, “L'impact écologique l 
eoh Prans 5 D roaa iue gT nciens”, Bull. Sor, 
ance, 7 Sér., 26, 1; 25: 


s 
iosphere 
220 Traces of Bygone Bi 


ripp’ 
In March, 1984, scientists from tHe = sen’ 
Ceanography made anot concen” 
sational discovery*, namely, a “rift ift zones 
Was found outside of a rorida 
in the Bay of Mexico, not far from the i 
nent at a depth of 3266 m. Ite be ov Aba iig 
not register any Specific features disting 


a 
rift” CO 
it from the previously known, “truly rif 
centrations of life. 


sut 
Corganisms, but the hydrogen helf 


The abyssal rift concent: 
in the biosphere at | 


p 
ow: 
age of the presently Er ioh 
their fossil ie Towover? 
Was made on the territory of Treland**. I sat jp 
B.S. Sokoloy described fossil remains J 
vend deposits (670-590 million years ol 


1 
rene 
1 iditide, which the p wife 
Scientists, th Termiers (a husband an sors 
7 Presently presume to be predeces 


Oceanus, 97, 3, 32-33 (1984). m a 
ZEDA anks, A" fossil hydrothermal Yoland 7 
Semblage ynagh lead-zing deposit in 5 
Nature, 313, 590g, 128-131 (1985 nid 
N Toa He pees G ermier, “Formes panchri A h 
Siles yj. ts?”, A e. 
534-546 (toga) si oc. Zool, Franc 1 
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sible that rift concen- 


the rift; 
e rifties. It is quite pos' 
the most ancient eco- 


trati 
sunlight existing on our planet. Not requiring 
ght, they could have appeared on the Earth 


eve: 

h before the first photoautotrophs*. 

he discovery of the abyssal rift concentrations 
e one of the major 


0 : 
oe truly considered to b ¢ 
ioe Sal discoveries of the seventies. We can 
with the American scientist J.F. Grassle, 

of the abyssal 


wh s 
vao said that after the discovery 
f life in the deep 


rift 

ĉi 3 : 

Sea koncentrations, “our image of Ht l 

ly ; as been altered, and more surprises are like- 
can be said— 


our y the near future”. Even more 
has Fevious notion of the biosphere as 4 whole 
Speak so changed radically. We can now n g 
the ¢ of the biosphere as of a system, in which 
Š St of life is sustaine 
The anes. products of photoav 3 
cial abyssal concentrations O ife play a spe- 
Pine in the biosphere. Nat following the 
Creat l? ‘there is safety in 
of {0 SParo variants. Tho ab n 
ios pms a spare variant of development o the 
or oer’) its “spark plug”. And if, at some time 

ary lif nthesi 
e based on photosy? ie 


IQ t 

thee biosphere—its “big Mame 
in the wtonomous corel life will still raman 
Sark inconceivable depths of t3? cean F the 
lifo o Plug” that can ignite the flame of new 

n the Earth. 

thee cud ” i s 
he .A. Barros, S.E. Hofman, submarine 1 for 


the lal veni 
~~. Vents i nviron 
0; and associated op rid Lifes 15, 4, 


34s Mi 
= Sstt evolution of li 


| 
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The existence of 
life also extends the Pp 


i is. 
Xclusively on chemosynthesi 
But this is 


fu 
Let us return to our Planet, which to our fort 
is well situat: 


ase of a large corpus a 
of the bottom sediment mu“ 
vompiled. It was established that the TE 
lation of neobio ic matter in oceanic 5? i; 
ments is controlleq 


of zona’ 
climatic, Vertical, tea pa a 
matic zoning ig f primary importance. In Oats 
ent clim tic zon S organisms assimilate di 0 
ent Components fro Seawater: in cold pie in 
zanan Š z as mainly silica is mobilized; y 
arts, o ; i 4 
ari P a, p y carbonates; and in equ 
V 


; S» carbonates and silica. jo- 
ertical zonation o accumulation of neobe 
genic matter is ermined by the earns 
Carbonate °ompensation”—the o 
epth, below which, because of the high pres pe 
>See ` in tP 

E “ty ion, 1, 141 
iow? „Biogenic sedimentation 4-4 
tig and zonation”, Lithol. a Mi 


«Miner. Resour., 12, 1: 
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and 1 
ow tem m 
perature of seawater, the carbonate 


Skeleton 
Pheng: s of calcium organisms dissolv Thi 
Well-known È discovered in the tate ts ihe 
944), ex ‘I British oceanologist J. Murray (1844- 
ments aë E ains the absence of carbonate sedi- 
een A exceeding 4.0 to 5.5 km. It has 
> vel in ie ied that the carbonate compensation 
ological tac has changed in the course of 
~~ its pies, Oa In the present time, it is 
a it was 4 aa depth; however, in the Mesozoic 
ircumconti to 1.5 m higher than now. 
i e le zonation (from the Latin 
compositis around) is determined by the chang- 
th ™ contin ion of sediments as one moves away 
e, ocean. i towards the oceanic area of 
tycteases p rs density of life in this direction 
e tanten we should expect a decrease in 
ates any o: neobiogenic matter in the sedi- 
one mo ell. However, this is not the case. 
tent of Ab farther from ents, the 
biogenic matter in the sediments in- 


Teas 

hop os : 

on the Why: The explanation 18 simple. It is 

mii absolute quantity of P 
the continent, ut 


Slese 4 
ae Percent, pas proximity with 
ie Sno in the sediments del 
en’ Coming dilution with a termige? 

of hes from the continent. > riph 
Posited! oun 92% of terrigenous material is 
! Terrigenous sedimentation js more 
entation, but 


ab 
ic sedim 
ote from the 


~ Und 

l ant t 

a t than the biogeni 
rem 


la Centr 
(2nd, i parts of the ocean, 
situation changes- Having brought 
of factual mate- 


Con 


eth, 

r e 

Mb the z considemah e amoun 

mh oviet oceanologist and Corresponding 
demy of Sciences, 


@ 
r of the USSR Aca 


‘ heré 
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i ]usio?: 
A.P. Lisitsyn came to the following conc 


the 
s i ne of Pa 
“The biogenic process in the pelagic aon powe! 
ocean, on the whole, is Scores of times m 


acess? 
ful than the terrigenous one, and a doposition 
O preparation, transportation, and re dow! 
0 sedimentary Material by the bios a 

nant here”, 

Those are Some of the the accu 
the distribution of living matter and osyste* 
mulation of neobiogenic matter in the rhb ecosy* 
of the rontem porary World Ocean. rs marl? 
tems of land diffe considerably from th AS Y 
ones, though ther are some a Jand’ 

» there are two films of life ‘ospher®s 

e upper film is located in the photobio her? 
and the lower is in the melanobiosp 

d 


ends. 
he upper film of life 
i S We alread 


ip 
gi 
natural phenomene | 


ali 
on land is peia : 
y know, from the spher®: 
upper boundary of the bio ed 00s 
ese are the landsca S we are accustom a 

e is no need to q ribe them. is ÍS 

ocated below is a soil fils, of life. This ? ife 
Specific world, where the concentration O ples 
nint terrestria] film. For s 
o est soil there are, on ave ngi; 
400 million bacteria, million microscopic ee 
{ TOScopic algae, and 10 thou 
Protozoang 


Jif? 
~» to the ocean, both films y 7 
nd are in direct Contact: they are not 

k ° 


h cli” 
syn, Terrigenous sedimentation, pio 
Materia] in ap interaction of terrigenous a 

1a In e oce ” v: 
12, 6, 617-632 (19 an”, Lith 7 


res 
ou 
thol. a. Miner. Res 
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ral kilo 
rated from each other vertically by several K 
metres of rarefaction of life. Here there 


sae 1 Y 
A Š productivity of t oobis 
(“biogenic salts at the depth”), and autotroP 


elements they need eni 
heir remains—neobiog 

er—also enter the soil. i] (its 
Further down below the thin layer of 50 etre 
thickness jg usually equal to several decim jif 


f 
-1.5 metres) an area 0 


08 
: - This is a world on 
unexplored by science. With the rare excep 


n 

; where—from the lower bou inly 
of soil to the lower limit of the biosphere—™% Jo, 
T » 1.e., microscopic life, is pour 
Phese subt Prisoners search out mo 
for their habitat, They li 


an wW 
ey live in subterranean joks 
1 the water is in contact with oll 
From the Studies of mi 


h dw 
microorganisms TET io a 
D anean wat iet micr e 
gist LE | er, the Soviet “ 


3 00" 
Tamarenko has distinguished _ rob 
of hydrogeochemical zonation of the Bar oe 
cif Table 6), In essence, these zones are the 
i bm s the subsoil part of 
melanobiosphe in j jion: 
anc n its i rie 
Ving these cj rg pa ble ve 
i 
ads): 
T 
'Testria] eee biosphe ing down wa ifo; 
( terrestrial film of lite, ne fil 2 A 
e aerobic subterranean Stohionsan (correspo); 
ug <a the aerobic zone, after Kramaren,; n 
Oobic-anaeroh; g 
E en ry A lennen p” 
Water and jp o Marenko, „“Microorgani of subter ns 2 
the Aird tein oleae mica ance 


hie 
> importance”, Transactions), 
Geological Institute Oat, 456-165 a9 


~~ 


d rarefactions 


rations 40 


of fig E 

ifa © “cohori 

l fe on th horizons, concent 

estri e continent: 

Strial fln r en 

r S m of life; 1I— il film of life; J 

rt re life: lite: 12589) nood-plain; g—tropical ar 

C tan a erhi rests of humid dreas; 4 concentrations of sti 

~an Ccohoninace: A-d rarefactions of life; A—aerobic subte: 

à "robie Sint B_-aerobic-anaerobic subterranean ecohorizon; 
ubterranean ecohorizon 


Con fern 
sati 
mbirat r1—local an 


jospheres 
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jc 
erobi 
(the mixed zone, after Kramarenko); (5) ana 


e 
ic zoni 
i robic 
subterranean ecohorizon (the anaer 

after Kramarenko), 


iformly Bo! 
Living matter is distributed ee 
only in the Vertical section of ee disti?” 
but also laterally, On land, Vernads iy concen 
guished (a) coastal and (b) flood-plain loca 


a 
resent- 
aking into account prese 


su 
a third type of concentration—tropical eng a 
tropical forests of humid areas. ntra 
Ne i rnadsky, coastal cone onia 
e inshore territories Son i 
islands. The high CONCEDE A cit 
here to the favoni ie tw? 
cumstances created by contact between g—the 
fundamental habitats of living organism nities 
Sea and land. Two neighbouring comm adjoi” 
of the sea and Sore (littoral) directly 
"and are in ¢ ose interaction. found 
Shore concentrations of life phys 
everywhere on the Earth? Let us look at the 
ica map of the Wo: 


rt 
tld. An appreciable PPh git» 
the coastal territories of America, Ateas oe 
and ustralia is Occupied by deserts. The 
and 


„olut? 
ntarctie coag ts, as regards the ae 
the density of living matter, a Hench 
not b concentrations of life. ice OF 
the climatic factor has a great influenci Me 
© Concentrati i 


ee | 
But if we comi co 1 
‘oot the centre of the Antarctic ©) 
tinent or G id, an 


3, we § 
reenland, on their coasts, Dee he 
See that or the given climatic conditio: pile 
Coast ig Indeed a Cone, 


entration of life. 
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M favourable climates such as that in the 
jugo terranean, the seashores are in absolute (not 
cone Comparative) terms a graphic example of 
€ntrations of life. 
of life second, flood-plain, type of concentration 
hadsl, on continents was characterized py E 
Poeh in his “Essays on Geochemistry as the 
inc], mulation of life in the basins of great nee 
e a ing not only fertile river valleys but : pir 
isto as well. According to, present-day tied 
Produce ystems are characterized by the igli at 
negli ctivity on land: though their nea : 
al] ‘gible (less than 1%), they produce 10% 0 
iving matter. An increase in production by 


© than an order of magnitude compared with 
stems is €X- 


average standard of land ecosy : 
a led by an abundant supp: ý. o flood pian 
> Particularly, deltas with mineral nutrients. 


ife ya -plai -oncentrations 0 
lig mples of flood-plain Conce aig Orinoco, 


e 
the »ftnadsky cited the Amazons | g i 
rar, @Mbezi, the Ob, and the Irtish. Contempo 
amo biomass estimates necessitate ma g 
ndments to Vernadsky’s conceptions: 


Syst 

ly wi iderable phytomass 
: SESS nsidera 7 

Only S, Possess a more CO! es 


ical’ within the limits of the subtrop!©? eae 
ers nes therefore, the valleys of our Pis axat 
bles 2€ Ob and the Irtish cannot pe cited as oxa 
Pir local concentrations 0 living a ts 
n pally, tropical and subtropica’ oF a 
of pid areas are the third type of concentrations 


Cache i Their phytomass 
x 7 4 nts. ip! 
ch £ matter on continent oT 


°S a record lev f 65 l 15A 
200'e i Pra ERa respective figures are 
troy; 0 250 t/ha). D.V- Panfilov states that 
Pical ‘forests resemble a gigantic green cascade 


Mor 


Plair 
an 


res 
iosphe 
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ds prop” 
forest. Mala ysia. (From: P.W, Richards, 
ical Rain Forest, Mose f 


ow, 1961, Photo 16.) 


: ; noe s 
Topical forests ig abu 


insects are represen iy r 
of species. Insects, main rts ? 
ery rapid] destroy the dead pa 
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Blants (the fallen leaves, pranches, fallen or 
en ding trunks of dead trees). Thick 
i Of trees are almost completely destroyed 

nsects after a period of 3 to 5 years; dry leaves 
ear small branches lying on the ground disap- 
within a few months. As a result, in humid 


Less 
“hanog 5.30 {Less than 0.5 
i 


i 
! 
| 
o] 
to od 
i i 
— 


vadows and, Humid forests; === 
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of the Earth’s 


P: nas A ms 
roductivity of various ogi at per day) (after 


ios . 
viie e (in grams of dry matter 


e 
e and Dethier, 1971) 


tron; i; 
neg Pical forests possessing 2 colossal zerr 
accum ee nic organic matter practically oes 

; ate. 4 
pro tre 15 shows how great differences in e 
be, Boivity of the ecosystems of the Earth a 
itg -Oth the total quantity of living matter ie 
area Mual production are istributed over ja 
for, Of the continents in an extremely ai 

ass manner; for example, the reserves Os a 
lang it the richest and in the poorest h lis: 
trip, differ almost by a facto of 100. The 
ion of the absolute masses of living ma 
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by 
. e 
tion is determined ta the 
actors: by temperature, “H 
ipitation, and by the 


and of annual produc 
global climatic f. 
quantity of prec 
of soils. , atte! 
feature of the living i char 
Position: higher plants are “o 


re are “leaders” as well: 


iomass of forests a 
up 84% of the total biomass of the living ™ 


a 
tte! 


ox” 
Although the biomass of the continents gy 
ceeds that of the World Ocean by severe” sot 
ders of magnitude, biogenic matter does ard” 
generally accumulate on the continents. Ren be 
ing this, V, ote: “Here we have a sults 
er perfect equilibrium which Te liv’ 
in the tremendous geochemical work of the ik 
mg matter of land leaving, after scores 0 
lions of years of its ex; 


a explained by ine o? 
ter almost not being tonia f 
faa 8 preteri their carcadd f 
lignine rather tha 


i c 
n from calcium 4 
silica, which is 


ar 
N i preferred PY o awat 
` AS a result r 1 e 
Riema » after the plants nd 


u 
ims are complete] decomposed 
normal conditions. i =f : 


9, 
* wW, , i 
puien Vernadsky, 


La biosphere, Alcan, Paris; 
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epenally, let us examine the last type of eco- 
em of the Earth—continental water bodies. 
eed main mass of the surface water of land is 
mee in pools, lakes and swamps; rather 
out in rivers. On continents, Vernadsky singled 
“eons characteristic type of concentration of life: 
mai centrations of stagnant water bodies”. The 
n water bodies here are lakes. 
be, the concentrations of shallow stagnant water 
les, synthesis of the living matter of auto- 


iby r 
Thee’ occurs in the entire mass of the water. 
activity of mud-eating animals in the bot- 
te considerable. 


The sediments of lakes is qui i ; 
and In ost active mud-eaters 10 lakes are worms 
lme aae of dipterans (in particular, mo 
of ition g aque Under illimetres 
cme build up severa 
oncentrati i Ya nant water bodies are of 
oe tel ‘on. Thus, in the 


Breat į ( 
litt, m2 Portance in sedimentation. ©” 
ret part of many lakes, coquin? is ae 
co ulated, but this is not the only pro 3 o 
r Umulation in lakes. The Soviet limno. ogis A 
i et L.L. Rossolimo (1894-197) suggesio’ 
ing, tle following types of lakes should te ao 
Wwhrushed by the type of sediments: (a) la a 
are ch are accumulators of drift; (b) lakes which 
(c) [ancentrators of dissolved mineral sübptanron; 
ter, akes which are accumulators of organic mat- 
tors of dissolved 


In] 

i akes whi ncentra 
in, which are co 5 
ca Cral substances the accumulation of matter 


Drog 7 0ceed under the influence of abiogenic 
(cop esses (evaporation) and biogente processes 
centration of elements py living organisms). 
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Further elabo 


imo 
” olim 
rating his classification, Ross 
distinguished i 


-m-ati 
"op-accumulating, ca aa 
mulating, and silicon-accumulating takare mat- 
Lakes which are accumulators of Meini a 
er are most typically shallow lakes ed ai 
depth of 2 to 10 m), not vast in area, wi rotecte 
small-drainage or no-drainage at all, p 


E rest Z0De 
rom the wind, and located in the forest 
moderate climates, 


N living 
e have discussed the distribution of 
matter and the 


2 asi 
Concentrations of life exist in the geological Pipo 
ey the same as now? “on ob 
d today t@Polation of the anton f: 
served today to he geologi l past? ha 
Vernadsky Wrote: eE dan To no doubt t p 
beginning with the most ancient eugene ui 
there are indications as to the existence ae g 
of the same concentrations and rarefactio easy 
tter as those Observed today. It mh 
to verify that already ; e Cambrian the pav' 
coenoses existed as Woigtul® 
i Periods the same pict?” 


l irm Vernadsky’s understanding: ‘16 
Cordin to emician 


-V. Sidorenko, | tye 
togenesig of th Precambrian and sing 
Zoic eras į similar as a § 


foscow? 
oS 
ias) "atter, Nauka, M 
ussian), 
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whole 
lnia at different stages of continuous evo- 
appearance i Evidently, since the 
e distrib a the ozone shield on the Earth, 
0 sediment; ion of living matter and conditions 
mentally auon in the biosphere did not funda- 
they oe Pi ange and, if there were changes, 
08s not ¢ mainly fluctuating in character. This 
Specific xclude the possibility that during some 
facies, oe other, presently nonexisting 
in the Ee also have existed on the Barth. “Never 
arth’s history will there again appear 


acies 
: of 4 
stromato erehaoneyati an limestone (Cambrian), 
porous limestone (Silurian and Devo- 
uline and 


nian) 

D shale (Silurian), fus 

Mummulitic. limestone (Carboniferous, Permian), 
ic limestone (Paleogene), etc- because 


the 
organi F 
isms characteristic of these facies have 
Academician 


ecom 3 
S. Be anns was written by 
Sky+, 0'8, a younger contemporary of Vernad- 
All 
t : 
Past 3 A sedimentary rocks of 
formeq i billion years 0 
he Tosh the biosphere. This thesi 
concise form t ical aspect of 


ern 
~ Nadsky’ 
tiv ky’s theory. Living ma 


the Earth (of the 


and 

(even i sedimentary rock: ise a 

Matter oe small) amou paleobiogenic 

Benic y he ratio of the abiogenic and paleobio- 

tieties natter in rocks may Vary: the low-ash va- 

T a are composed almost completely 
obiogenic organic matter; limestones con- 


Izd. AN SSSR, 


* 
4 L; 
93g, S. Berg, Selected Works: Moscow, 
, p. 336 (in Russian). 
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Baty 


tain some Paleobio 
sandstones ma 
material, Paleo 


larg 
i ains 

S of plants, microscopic em ell 

; Sponges, shark teet yrolitesi 

vertebrates, etc.), amber, co 


[phides 
f ulp. 

1 microbiogenic minerals as others! 
S, hydroxides of iron, and 

Thus, we 


aa 
tio 
ula 
ave considered the accum al 
conditions of i 


r 
: i apor iw 
‘genic matter in the ae no 
biosphere, On 1e basis of this materia f fo 
return to the questi 


on of the three taptors ary 
mation of leobiogenic matter in eT 
Ological, ecological, and 
mic factors, 


J 
jologi®* 
nera] connection between obiogonið 
productivity and the quantity of neo is 12 
in an ecosystem of eco; 
” biologica] Productivity 9 

Systems depends, i 


e 
r urn, on a num 
actors: Climate (main] 

and 


ter. 
. 4 wal 

NE SEE TO mineralization of natural 

The influence (o 


nti 

, emperature on the aston 
ol living matter varias. in oceanic ecosy onti 
there į no direct rela ionship, while on orrs 
nents irect relati 

trial 


p oship does exist. In ratur 
© average yearly tomp’ iosa 
t only the quantity of the bio tion: 
the type of in ominant vegetation, 
Stow only in those regions, yo °C 
Monthly temperature exceeds + 
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at leas 
tna S months of the year. In the middle 
Prevail (e usually only a few species of plants 
Pes in thes coniferous forests or spear-grass step- 
tremely di oviet Union), but the fauna is ex- 
observed: verse. In tropical forests, the opposite is 
telatively fe tremendous diversity of plants and 
Participati ew, though specialized animal species, 
r Aridity a in the life of the former are found. 
Tial and bs the climate influences both terres- 
Ecosystems as ecosystems to the same degree. 
‘Saturated of the humid pelt are considerably 
ie matter fe life”. The introduction of abiogen- 
ust is al rom the internal strata of the Earth’s 
We have s beneficial to biological productivity. 
ations of ready mentioned specific rift concen- 
Producti of life in the ocean: Generally high 
vily of phytoplankton is observed every- 


Whe 
Te in fi 
the region of the Pacific volcanic belt; 
as of recent vol- 


or th 
le 

anici ag vegetation in are 

todueti mn eee is characteristic. The in- 
i of endogenic matter probably not 


only 

; incr 

biosphere, pul the productivity of matter in the 

f specie i but also contributes to the formation 

(atlsky's This, at least, was the opinion of Ver- 

888-1966). olleague, Professor Lichkov 

Sit : 

Producti a5 true that an se in biological 

n the vity—the bio-factor—causes an increase 

dents quantity of biogenic matter in the sedi- 
n some cases such a relationship is quite 

at depths 


increa 


Oby: 
Vio 
us; 
*bove th, for example, in the ocean, at 
e level of carbonate compensation, the 
is directly de- 


ace 

Umulat; 

Pen lation of carbonate 002° 7 
i f phytoplankton. 


In dent 
a la es on the productivity o 
, the situation is auile the reverse: it 
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, Jevel 
has been established that lakes with a Jow ith a 
of biological Productivity produce a pvi- 
high content of neobiogenic organic ma the bio 
dently, other factors exist in addition to jo- 


0 
: ion of bi 
factor, which Control the accumulation 

genic matter in sediments. 


Scientists were conf 
the first time in the 


3 WI 
te ments from oceanic depths W! 
Studied for the fi 


sitio” 
e first time and their compos 
Proved to be unexpected, shells: 

“Why have no fish bones, teeth, scales, $ ý 
starfish 


. als . 

r other parts of animale’ tif 

cay, been found?” wrote a 5° Tana" 

at time. The correct A 

tion was found: « hen these inhabitants ne 

ace Water die, their corpses becom 

animals with a lower Onze 
which, in ‘urn, in the same way, becom 

Spoils fop e imi i 


p 951 
ass, they, possibly, P”;p 


tous levels and finish this me : 
2c animals that inhabit the de 
Parts of the Sea.” t th? 
_ Let us try to imagine for a moment tha® Ju- 
living Matter existin 


io ext 
8 on the Earth is © tio? 
sively autotrophic, In thi 


a 
iscase, the accumul onl 
Of neobi genic matter Would be controlled | uif 
by its Productivit (it is another matter tha 
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would have been exhausted after several hundred 
or thousand years). In reality, however, hetero- 
trophic living matter also exists on the Earth. 
n most cases, saprotrophs, with the potent as- 
Sistance of abiogenic factors, honorably accom- 
Plish their difficult task of decomposing neobio- 
Senic matter into the following simple compo- 
nents suitable for re-use by living matter: ci 
ioxide gas, water, hydrogen sulphide, ammonia, 


and others, iti 
decomposition 


ometime: vever, complete ] 
> a e ‘does sat take place. The 
activity of saprotrophs may be suppressed by 
'e aridity of the climate (in a derert), S = 
aneessive humidity (ina swamp), by low wr ie 
ures (in tundra) or, by the toxicity 0 a : 
medium, In the water of sphagnum bogs, 10! 


exam 
iple, there are phenols wh 5 
cspitabie to most organisms. m was folo Ages 
C pur in th 
Purpose, however, that Hong voyages, pro- 


Sailor 5 
vided? when setting out on 


reli 
ang S 2S Piles, pavement P 

T Small articles. P ic 
Con le completeness of neobiogeni nd 
Dhy position is also materially epa 
tig ical depth of the area in WI Jakes and in 
shal Processes take place- Thus, 12 Janktonic 
file low Parts of the ocean, where ie by only 
a fe 5 Separated from the eithin, of 
leggy, metres of water, the quae 7 
ral] mMposed during precipitation sea basins. 

> much smaller than in deep © 
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ic, Con 
At the XXII International Gengraphic Pan 
gress in Moscow in 1976, the Soviet scie f ecosys” 
filov suggested that three main Re autono- 
tems should be distinguished*: transi -ami a 
mous, and accumulative, Transit sees removal 
characterized by a constant supply and nomous 
of mineral Nutrients used by plants; auto 


1 


2 3 


Fig. 46, Types of 


accumulative 


z 4976): 
ecosystems (after D.V. Panfilov, 
nutrient 


ol 
it; the flow 
type; nget tonomous: 3—transit; 
Substances is indicat 


icated by arrows 


by a w, 
ulative eco 
Supply but Weak re 
Panfiloy mention 


l; 
va 
eak supply and re Table 
Systems, by a consi GN 
moval of matter (Fie. an 
ed oceanic abyssal zones, 


ive 

ativ 

mps as examples ` of accumula ia 
systems. Nothing other than neobiogenictjm 


‘ove 
accumulates there, both Organic (in ae 
an Swamps) and inorganic (in oceanic ab) 
i 
$ acto 
It has recently been Suggested that pure 3 
ensuring the concentration of neobiogenic 
SEn 


E 
š ion of 2 
wT. Panfilov, “Natural-history classification o. ron 
ural ecosystems”, T : International Geography-76, 
) » Moscow, 1976; PP. 91-96. 
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Vladi š 

imir Ottonovich Tau- Johannes Walther. (Pub- 

Sı o au 1 

Re (Published in the jished in the Russ. ed. of 
“TBB”.) 


uss. ‘ed. of “TBB”.) 


T ecosystems should be called the eco-factor*. 
= © well-known Soviet microbiologist V.O. Ten 
oe (1894-1946) was the first to emphasize the 
of te of this factor in the accumulation 

ustobioliths. ? ; 

ti he eco-factor is also responsible for coiii 
mons which preclude the supply of considerable | 
Mounts of terrigenous material to the ecosys-| 
gm material which dilutes neobiogenic matter d 
uch conditions include the levelled-out relief o | 
e surrounding territory and weak oscillatory | 


Se | 
the biosphere and for- | 


* arig f 
A.V. Lapo, “Living matter o res By V SSSR, 


mation p 
of sedimentary rocks 
eolog. series, 11, 121-130 (1977). 
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f the 
motions of the Earth’s crust. Those aroan of 
biosphere, in which formation of ape 
chemogenic sediments takes place, not di d 


+ jal 
: icla 
concentration basins. According to Academ 


uoh 
D.V. Nalivkin (1889-1982), examples of En 
basins are those in 


late: 
ferruginous, 

Peat land is 
should be note 
in the old-fas 


entirely on a 
extrapolation 
ical object, 
ecosystem.) 


sod 

All the above arguments are pertinent tio 

imentogenesis, to the stage of the accumù the 
of sedime 


E sj i n “pa 
iments, occurring in the biosphere. Or og 
geological time scale, conservation of ne 5 


. . te 1, 
me matter in ecosystems is an altogether e's 
porary phenomenon 


luggage in an autom 
ly life retrieves its ] 


i a r 
ic matter, Extraordinary circumstances a” ge 


locker locked and the a ta 
the conditions of the pe 


SS aee 


J 

cei p mie 
* D.V. Nalivkin, “An important reserve 0 

resources”, Priroda, 2, 44-45 (1959). 5 
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geological history. Only by having ceased to be 


B moniment can it become a rock. 
pa ohannes Walther (1860-1937), the German 
ee ogist who was quoted in the epigraph to 
ae chapter, laconically formulated the following 
pe ‘We call deposits all the accumulations 

matter that are forming. Only those that have 


Barras 
emained preserved become rocks.’ 
matter into the 


ee transition of biogenic i 
ssil state, its transformation from neobiogenic 


to paleobiogenic matter, which occurs at the 
be called the tapho- 


page of diagenesis, may >‘ 
the or of the formation of sedimentary rocks (from 
Greek “taphos”, tomb). 

The burial of neobiogenic matter on land com- 
monly occurs as a subsidence þasin of its accu- 
mulation. But there ca dden burials too. 

ithin the memory ° tastrophic 

Uurials of whole cities n place. A well- 
Known case is that of Po 

er a layer of volcanic ash up to 
nd another, not so commonly kn 


on May 31, 1970 when the city of Yungay, M 
was flooded with a ten- 


the mountains of Peru, 
Metre (!) layer of mud in the space of a few 
Seconds. 

Similar sudden buria 
geological past as well. For example, 
fossil forests”, i-e., accumulations j 
trunks of trees, buried at the site of their growth, 
are not unusual. If the tree had not rotted before 
it was covered by sediments it indicates that the 
Process of burial was very rapid. In oceans, bur- 
ial of low-stability piogenic m: A | 
occur as a result of very intensive sedimentation 


16e 
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. ome 
and resulting portions of the sediment bese 
isolated from the aggressive action of S ae 
and from the activity of the benthic a le 

The general situation on land is not — (1907- 
for biogenic sedimentation, L.A. Yefremo founder 
1972), both a paleontologist and writer, the 
of the science stud “th’s crust 
burial of organic remains in ee ad 
(taphonomy), Suggested that situations fa valle 
the burial of biogenic matter should be 


since conditions exist for the preservation © 
genic matter for 


a long geological time. tte’ 
remains of life and roiled parts of inert ma ine 
gradually descend, the lower layers of forme 
mud become lifeless, and chemical bodies a tes 
by life have no time to pass into gaseous jvind 


thous 5 
way’ 

t } face. It a% gal 

dies down from iieloyy*ae a ne eae fi 


- It is there that the” gd 
chords of the grand Symphony of life sound, 
«al chrom 
ve Yefremoy “Taphonomy and geological °C, 


Acad. 5” 
eontol. Insp. SR Acad. 
24, 1-478 (1950). ontol. Inst of the US 


La biosphère, Alcan, Paris» 
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from the biosphere, 


nheobi . 
obiogenic matter, departing 
of geological time 


is 
He in the course 
The eobiogenic matter. 

ints Ae of biogenic. matter that passes 
fs ane ein state is negligible in relation to 
Prie ua production of living matter. In the 
for aa aroom for example, it amounts to 0.05% 

; iosphere as & whole, and to 0.4% for 


Soils 
| |»! Fresh water Sea water Sea ooze 


L ee ae 


Sedime 
Ez Sedimentary 
s rocks 


SH 
ks (after Ver- 


Fi; 

nadae eeu of sedimentary roc! 

7% for the underwater out- 
the oceanic region). Such 

atter, which escape from 

ring the fossil state, are 
piogenic matter of the 


t 
sie World Ocean (0. 
a ci 0.1% for 
i igible fractions of m 
ie biotic cycle by ente 
im of the 

abiosphere. 

ernadsky diagrammed the formati 
s 


sols au point 


se des 
l., t. 11, Rome, 


Se 
“Sur l’analy: 
t. pedo 


* 
de W. Vernadsky, a 
eae e a peel Acte IV conf. i 
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. Berg 
water process. In the 1940s, however, L.S 


= heir 

hkov* (Fig, 18) sna ee eae 

imentary rocks can also be of soi 
of Continents, in the course 


sted this 
cesses. Vernadsky suppor 
idea: at any rat, 


ape 
e it was he who presented AM A 
by Lichkoy treating this topic to the 


Rivers 
(fresh river 
water) 


Soils 


Rocks 


Lieb 
r 
Fig. 18. The formation of Sedimentary rocks (afte 
kov, 1946) i 
it 
wi 
AN SSSR and menti 


oned Lichkov’s work pê 

favour in his book “The hemical Structure 201" 

iosphere and Its urroundings” (1965, P- jage 

© accumulation of ge iments and their s $ 

netic transformati MS occur in dynamic SY pio 
of a Specific king 


inert l bodi which Vernadsky calle 
ert natura odies, 
See 


evolutife 
“BL. Lichkov, “Changes in the relief and ev® 

of the soil and mu formati 

Earth's history (theory 


in ae 
ations of land and on of by 
of Sedimentation)”, 58 (49 
h of the USSR Acad. Sci., 11, 3- 


Tajik Branc; 


4T ; 
hree Factors: Bio-, Eco-, and Tapho- 247 


: 1938, Vernadsky* introduced this concept 
nd inert bodies 


to dist; 

in distinguish not only living 4 l e 

intera, biosphere, but also systems in which their 

a is realized. AS examples of pio-inert 

crust bodies Vernadsky cited soils, forests, 
of weathering, 002¢, surface water, oceans, 


ne i . . 
odie sPhere as a whole. “Organized pio-inert 
¿Mes account for a considerable portion of the 

d volume”, 


io 0 

toe in terms of its weight an 

of th Vernadsky. “Their remains, after the death 
e organisms of which they are composed, 


Mal k 
e up biogenic rocks which take 1 
» xx Whether sedi- 


dous 
mentat of the stratisphere - 
netic ry rocks are formed as a Te5 ; 
y transformation of the m sediments 
eee bodies or of soils, :n either case their 
(or ation proceeds in pio-inert natural bodies 
Tat bio-inert systems, af Perelman ys 
SSe, role does living matter play and what pro- 
one 1 OCCUr in the pio-inert systems? Let us 
fider Fig. 19. 
the ,vistinctive feature of bio-inert § i 
S aa senco of living matter in them. If living 
ais i tem die, 
on composing the SyS n? 
inert g2 considered to, be biridan In vpn 
EE ala the content of living ma er (D 
thi On to the total mas js small, bi 
in't living matter that plays the leading role 
eee of the system- be a 
i che: 
-I. Vernadsky, “problems 583-517 (i944). 


c 


Pt, 2 

Vak 

$; Trans. Conn, Acad. Arts t- ci., 397 5 
(are V.I. Vernadsky, The Chemical Structure of ie io 
lia R and Its Surroundings: Nauka, Moscow: H 

+a USsian) : 
i inert systems Nauka, Moscow, 


* 
1977, A.I. Perelman, Bio- 
P. 160 (in Russian). 
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z : ther? 
Since there ig living matter in the system, 
must also be 


i, ee an 

Products of its vital ee VE 

dead o i TBs neobiogenic "i nec- 

t Systems, abiogenic matter M ddition 

) Present as well. It may be a admis” 

ally incorporated there as a terrigenous ae 

m, or as pape i 
(terrestrial and extraterres 


ture, ag Products of voleanis 
trial material 


Bio-; 


inert natural body (system) 


Paleobiogenic matter 


t 
; ae in bio-ine? 
Fig. 19. Formation of sedime tary rocks in biod 
systems with subsequent p a 


t burial 

igi 

combined in the diagram). Palen 
genic matter such as imestones and phosphor) 

though not Necessarily) be Brest ity 

| In the Course of the Processes of vital act tro” 

iving matter continually consumes and in ] 

duces new Portions of abiogenic matter mto. 

iotic cycle (i should he remembered that t 

is one of the þ 


nis 
pi 

; 3 aS T 

asic functions of living matte 
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radiola ains of foraminifers 
170-fold. iolarians. Scannin on micrograpi, 
2850 m magnification. ‘fic. Ocean, dept 

of the i (roms B.C. Heezen, ‘D. Hollister, The Face 

eep, N.Y. a.0., 4971, P- 280.) 

the 4 

Me arm Mostly abiogenic matter of ter- 
en origin is assimilated, bul, evidently, a 
art of abiogenic matter traterrestrial ori- 


gin is also used. 


of ex 
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In addition to abi 
consumes neobioge 
also utilizes paleob 
borers require pi 
ing). Higher p 
taining mineral 
organic matter 

acteria oxidize 


their Predecessors, i.e., by sulphate-reducing 
teria, etc, 


; Bai- 
Thus, just as forty rivers flow into Lake B 
kal and only 


iving 
one river flows out of it, so Di 
matter introduces into its cycle all types "i 
iving matter and produces only one type 
iogenic matter, 


er 
ogenic matter, living mat 
nic matter. Living ate 6 
iogenic matter (e.g., ee - 
Ogenic limestones for their cole 
lants assimilate phosphorus aa 
S, and some species of bacit 
of coals and petroleums. 


by 
biogenic sulphides created ag- 


cks: 
astill 


à rm 
Inert systems are {0 
abiogenic and biogenic. 

he sedimentar 


in 

y envelopes of the Bartha 

the most simplified form, are stratigrap? out 
Superposed traces of t 


he bygone biospheres ete 
er, they make up the Jom® 

jde 
aracter is to a CONS! up 
by the activity © 


: the Planktonic, benthic, 
ms, 


togeth 
biosphere of the E 


i 


ter 


5 ‘ 
. The Metabiosphere 
Earth's stratisphere 


The unity of the 
resulting from the developement of the 
bygone biospheres of the planet has be- 


come apparent. 
B.S. Sokolov, 1975 


a the end of Sredny Prospect in Leningrad the 

by a between the 19th and 20th Lines is occupied 

calle magnificent edifice clad in grey stone. It is 
aa the Palace of Geology- r 

logi ogical Committee, practically the so e ere 

— establishment of pre-revolutionary us- 
ish was located there. Now three d ae 

are ments of the Ministry of Geology o th R 

po eccommodated in this building: e A.P. 

they All-Union Geological Rese 

Ct All-Union Geological Library, and thP pros- 

ete ey Central Museum of Geologic ; TO: 
cting. The buildin houses a gra 

wide staircase ine up to the toP- In the hall 
ere are creations of nature and no 

ioe a block of coal from Ce 

etrified trunks 0 extine : 

H the TOS Bra—an ammonite- These are 

trag jospheres- 

mi one OL ee a. Palace of Geology: Na 
ifth Session of the All-Union P eontologica 
Sciety we _ It seeme : 

nothing olal about it (such sessions are 


s if there was 
he 
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every year, but the topic of that session wa 
unusual: “The importance of the biosphere in 8° 
logical Processes,” fe 
IS representative forum (more than 500 oe 
entists Participated jn it) was the first scient 
Conference at which the role of living matter’ 
the formation of the Earth’s crust was consider 
m so many aspects and so comprehensive 
ts Miliator, the well-known Soviet paleonto A 
S1St and later Lenin prize winner, B.P. Marke - 
sky (1895-1966), delivered a programmati® y, 
“Life as a Geological Facto 
communications were à Ni 
the biogenic origin of ec 
pe R combustible minerals, iron and mé 
he Rin phosphorites, bauxites, etc. 
logical g,'} Session of the All-Union Pale 
A Preety Summarized the results he 
Carried out during the decades ¢ 
pad Passeg Since Publication of the first Yi e 
But the adsky about the geological role 0 onl¥ 
: is: q  POrtance of thig session lay not 0 
in this: atthe same time į a a new stô? 
in the devel së À ime it opened up at ra es 
sions Were pment of Soviet geology. St yas the 
first one. So conducted later, but this wa? 
ma. , a 
recognitky’s ideas have justly won gon als 
who merie. The brilliant pleiad of scie?” jes 


Special 
ations on 


many ç, Oriously developed his ideas inclut 
ries) of mp? 
(also younger conte 


4 ernadsky, 
oa <y 


‘ eal lt; 
cesses Proj MPortance of the Biosphere in Geological nd 


Pectonicg s of Interconnection of Paleontologi, (ip 
Russian) oscow, Gostoptekhizdat! 1962, p. 248 
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avestigators, out- 
ade in studying 
of the Earth’s 


(0; . 
standin’ to the efforts of these ir 
ie tols aleis have been m 
Crust, TH of life in the formation 
1e last chapter of our narrative is devoted 


o thi 
the T question. The present can be said to be 
shal] wo, to the understanding of the past. We 
B r understanding 


ee this clue to gain a bette 

ormed way in which sedimentary rocks were 
ecordi; the geological past- : : 
Sedimentrve te present-day classifications, 
lowin nary rocks are subdivided into the fol- 
(4) teri groups: (1) detrital; (2) shales; (3) allites; 
Peace: (5) manganese; (6) phosphatic; 
Caustop ee? (8) siliceous; salines; and 10) 
Carbo ioliths.* Among the sedimentary rocks, 
bilita? and siliceous rocks, ‘ell as causto- 
ten rate are characterized DY 
fin soos of paleobiogeni¢ 

Barthes treatment of the 
i iffer sedimentary crust with car 
Onate ent authors estimate the content 
arth’s rocks in the sedimentary laye! 
Ber cent, ve to be within the range 
ernadsky attributes o ration 5 


matte 
rocks 


Q 


Port, 
an 
Carh ce to the role of life in 1 
on e role of life 1." nas 
altea ate ro istin wished, as 
ea cks and even disti By ealcium func 
P. 


tiop» 7. bee : 
n” n mentioned, a spec!” 
Men, CL the livi , a SE ne biosphere. 1e 
iye? iving matter of carbonate by 


ani ) 
t ean of formation of calcium’ 
i We ag has been consi ered rece Y g- 
-known West German jentist 1 
Roer N V 
Locks zye Logvi E / 
Sian)? tn cuean REE AA go (in a 
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teri? 
gens*, and the Specific role of algae and Poi 
in this process has been examined by W.E. 

% 


bein* enit 
& ago the ratio of the chem 
iogenic sedimentation , 


: ‘of 
: DO ulati! 
the role of chemogenic carbonate accum 


in marine water bodies of the tio 
ich have restricted pee 2i 
cean. However, hcg at the 
ack Sea have proved none ie 
accumulation there was of bo 
the Bahama Bank, car deret 
10n was: for a long time BETE 4) 
ic; but detailed investigation hav? ia 


at 
A persed carbonate m alga’ 
1S Composed of the i i 


e ocean floor is limi 
Nate Compensation. 


ponat? 
Lisitsyn classifies neobiogenic cat 


m 

» Che 

* E.T. Degens, “Why do or anisms calcify?”» d 
hg, B, Darah (IY Organis ria ink 
algae» W-E. rumbein, “Calcification of Dao riformi 
Elemendi, ar peecochemica] Cycling of wy Amster 
] ed. PA Tru inger, D.J. Swaine), 

+ tee lsevier’ 19 47-68. ; 


a A coPY j, 
fraction St Blitz, Scanning electron micros jmi” 
Baham, 10n of Tecent ca ate sediments from 972) ns 
mas T Se iment. Petrol. go 1, 211-226 ( ntati? 
P. List S of (Oksan Sedime' 
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sedi 

+ Pinan of marine ecosystems into two types: 
of the genic and benthogent¢- Both life films 
Nate ocean thus create their own types of carbo- 

h sediments. 

Tit planktogenic type, in turn, is subdivid- 
and eva three classes: foraminiferal, coccolithic, 
Car ? eropodal. At least half of the area of recent 
Posed ag accumulation in the open sea is com- 

Boren foraminiferal 0020- ; A 
ozoan minifers belong to the subkingdom © pro- 
micro; s. Their contemporary representativos are 
Skisted LS in size. Among extinct forms there 

m rather large organisms. These include 
Which nites giants among one-celled animals, 

ey reached 10 to 16 cm in diameter. Their 
lites thera aie “stone coins inde nummu- 
ani mble petrified small coins: 

oe legend Tears that this is the money 
Der, tich man who refused to give ms to a bet 
Aine ee were first aei with organi 
È only in ighteenth ce 1 
lien mulitie li nostos bad peen use uch ear- 

e E i ramids are uilt of them. 
ante protien De s -sorse but less 
; kon ien are rather a sie i 

sources of carbonat? ocios EPRA 


r fragm 
Cambrian 


igti, PProximately a thousand SP! 
inhat only 30 of tom are plankton $ w Sa 
of oe of the benthic film of 1H? e: it can 
be sp aminifers is rather diverse } ni Ay 8 
Cover Nerical, tubular, dendritic: etc. us test 
through on the outside with @ thin eae ee 
mini which ti enings run. 

orga peral see tiny openi of the tests othe 
ite nisms, mostly, of thei ents. FO and 


appeared in the 
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important role in calcareous sedi 
arboniferous era. Jess 
oozes are considerably 2 
an foraminiferal ones. They are the 
ains of animals, but otis 
Coccolithoph e microscopic yellow-green how 
ope tthop is is a good example of ner? 
is formed in the photobiosP™ he 
din the melanobiosphere, in 
). The skeletons of coccol om 
alcareous plates which © is 
ium carbonate. After fine 
ridae disintegrate into 4 


amon Pteropodal 002es are the least abundi, 

g the ray ate agree meat n 

isheg tial material for their form } 

Was furnishe e ands an tašta of m 
CA mm) gastropod mollusks called Pt 


Thei" 
i > OT about 369, its area. “ye 
mae thickness is about ae PE the a0. 

Bie: on ane *PProximately 1 cm in 1000 Yor 
the biosphere, cient 8Tounds to believe nae {0° 
c T carbonate accumu gical past the Pe all 


under ş ab fen calculated that coccoliths Jd 
e favourable living conditions; eo 

Period a 74,07 for example, over the Cretac 
The a -km thick layer of ooze. pat? 
i T type of Tecent biogenic carby te. 
S formed by the benthic film © 
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iummutitie limestone 
me. reese of 
PS. 1.5-fold magni- 
the ton, (Published in 
uss. ed. of “TBB”.) 


and 
] classes. 


T l thogenic, 
ese sediments are called bem 


ìisitsyn subdivides them into 
tere 2” first class—coquinoid gs summi 
Sa mainly on shelves and eri mos 
le pats. Among the shelves, ier are 
jac for the accumulation of cogu lief an 

i ent to the coast with a flat re oe include the 
k eveloped river drainage- The: n and north- 
olossa] cocaina folas ab te easter the north- 
wn edges Tot the Caspian Sea Bahama Cay: 
of Corner of the Black Sea, QP am ‘ 

ie coast of Florida. Inclu n called “mol- 


is i 

Ing’ the Sea of Azov, which is 0Y quina undor 
Kan” i 

goes D”. In the near-shore 20", sediments ê 


. £ 4 
Ofte, Mtensive crushing, me the past ay 
logic, presented by shell si vere also comertain 
of Cal epochs, shell deposits h during cerie. 
a matisa E thous od great impor- 

ri 3 qu 
fanos brachiopods also 304 


17 
01293 
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de- 

Another class of benthogenic oarba a in 
posits is coral-algal. These deposits are forn 

reef concentrations of life. t high 

The reef concentrations are one of the mos Ree g 

ly productive ecosystems of the biosphere. cm 

Stow at arate of 10 and sometimes up to | 1 the 
Per year. The total area of all the reefs i 


, ng 
alone, stretchi ng oA 
ast coast of Australia, exceeds in be 
he buildings made by man. Reefs et sul 
calcium Carbonate. Nowadays this will ie im 
ut just try to ng hg S cone 
S produced during the aad and 
» Who lived on a coral isla yea 
had been importing lime from England eet tim 

his story was told by a traveller of tha : 
Corals are the b 


eC 
vy Te 

est known contemporary ied 
builders. Therefore all reefs are sometimes nae 
Coral reefs, though it is not quite correct. jt 
dition to Corals, reefs 
of the following livin, 


Two, the tissues of hoto” 
Y packed with the P% a- 
Synthesizing symbiotic algae zooxanthellae; oret 
tion of 22/80 play an important roleint a 


or 
e ophic livi matter 
f autotr p. Ing 


f cor? 

a mie high Productivity of the ecosystem oi ined 

ats can to a considerable extent be pe 3 poe) 

f ae Porosity of the reef Structure itse ndo” 
orming or anisms can “pass through” treme 


5 T 
ne Metabiosphere 


Barrier Reef. 
of the Grea 


of the Great 


Py 
Tt of 
th 
the underwater portion 
M Atlas 


Ustra 
Ba, ralia, (F 
Tier ine axwell, 
Volu 
ria mes 
N Dae filtering out nutritio 
big E phe ‘or the discovery f this 
tng Sist nomenon must be & 
conto of Pale Sorokin. Beca 
the Cntrati remendous amounts ° 
Step, CVelo on of biogenic elemen s 
ligg °Ssfull pment of coral reels: This ecosystem 
ein bio y solves the eternal pro Jem 0 
ic eves ee a salta inv therta » Sorokin 
Sea atter at the concentration 0 issolved organ- 
in the ocean is co” Hed on the globa 
eee coraleee: 


y 
ing filtering activity o 
Bull. 


4N y 

S ” 

sssi; poon “Beosystems of coral reefs”, 
» 14, 29-35 (1978). 


1, 
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f 
n rolume ° 
cording to his estimations, the entire volu 
ocean water is filtered t 
Period of 40 thousand years. 

Recent reefs are 
water maintains 
of at least 18 °C; 
please in some otl 
must have a defini 
it must not be tur 


a 
an average annual eoma wo 
Reef builders are also seawall 
ler respects too: the § 4.0%) 
te salinity (from 2.7 to in oxy 
bid; and it must be rieh forefot? 
gen. Finally, corals require light, and e thick 
they live at a depth not over 40 to 50 m. 12 
al reefs sometimes reaches mains 0, 
Could it happen that the re th 
organisms 


i a del at 
in shallow water extend to such ace’ iy 


yeh 

; a i a co) he 
arwin was the first to give “Tl 
answer to th 


5 rk 
his question. In his classic wo" be 
nd Distribution of Coral a o ou 
showed that the ormation of coral ree flo0 
during the co t 


P f sea is 
tinuous subsidence of the b 
orals (and other or; 


subsidence by their 
ains app 


J te for 
ganisms) compensa epth is 
growth, and the deP* ppi 


Nalivkin, in e wo 
ef limestones ac jn ue 
all limestones. onl in 
limestones not al? po 

Prospecting “i of it 
Oration of t underground ha » po’ 
Station “Ploshchad? Vosstaniya + of 
* Ch . 


io 
istributl? 

he Struct and Distri 

Smith, Elder a. Ch, Eondon 1874. 
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Phytoorganic matter 
and products of its 
vital activity 
i 
Ic a 3 
: E —! 
y Stboniferous! S HS 
š 3-H. —] 
& | Pevonian | SH 5 | 
S (st 3e — 
N ilurian Swe 
Ordovician | SH “S — 
| Cambrian 
g 
R 
$ 
g 
N 


arbonate 


ers of Gy, 1977) 


Fig r ild 
biozą 0 The evolution of the main buil a asno 
Benic structures (after Osadchaya and K 
i e can dis- 
see Carefully at these limestones: feather stars, 
or o „ganic remains, rele ideis have un- 
der, MRoids. Complexes of reef-bul eological 
hiene considerable changes h y, Krasnov 
disor: D.V. Osadchaya a” Javelopment o 
reef 8Uish several stages in tme i 

‘ uilding complexes (Fis- 20). a-ak 
xig Addition to coquinoid an mt ben 
Carh three more classes of A 5 A 
(a) Nate sediments which ate er foramini 


°raminiferal (as you re™ 


: o 
asn Geology 

Teel pati: Osadchaya, E.V- oy ihe Institut of sademy 

ang ing organisms”, Trans. the in Russian). 


z e 
f gac Physics, Siberian Division, P4 495 (i 
“lenees, 1977, Issue 302, PP- 113 
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Algal reef of Cc Ama (Frot 
akutia, Photographed by V.D. Nalivkin ch. ue 

‘VY. Nalivkin. Essays on the Geology of the 

ningrad, 1980, p. 54.) 


jp 

iver >, 

rive m 

arboniferous age on the Amga o! 


F well); 

can be not only Planktonic, but benthic veal of 
Tyozoan; and (c) sediments fe gorpulid®s 

the remaing of echinoderms, ostracods, carnal? 
and barnacles, Aq] these types of ca on u 
sediments are predominant on the shelf, e! 


w 
Upper part of the Oceanic slope, and on under 
uplifts. 


ea 
remaining water S y 
sediments are Joro pa 
the Planktonic film of life. In the geologics ov, 
of carbonate accumulation Wy specs 
dently, the same (see Fig, 24), though the e po, 
iting organisms and th we! 
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M . 
odern carbonate accumulation proceeds not 


only in mari 
marine ecosystems, put also in lakes, 
rocesses occurring 


th 
hough the character of the P 
e is substantially different. In the opinion 


of S.I. Kuznetsov*, a prominent Soviet micro- 
ember of the USSR 


bi : 

aes and Corresponding M aber of 

R of Sciences, the tion of car- 
of o es in lakes takes place oth by evaporation 
Roa eo solutions (as observed; for in- 
the e, in Lake Sevan in menia) and owing to 
ar ne activity of bacteria. In lakes, 
of eria do not function as direct concentrators 
ee carbonate, they 
formi avourable for its pre 
ed) ing function of living 
a resulting microcry’ Ae ; 
tac ination with the debris of charophytes; or us- 
a eans and thin-valved mollusks, Pro 
I -called “lacustrine chalk” or “Jacustrin 
Fe the near-shore part of the lakes, 
ggraded in some places- 

ne in the contemporary piosphere there takes 
ined the accumulation O° “qi J S 
ae lich then undergo further diagene 
goas Neobiogenic 

aracterized by the presence 9 m 
under biospheri¢ conditions (Aca 
Chukhroy called such mineré s ) 
erae”): aragonite, vateri mand calcite mom iy- 
dirate are later transformed into calcite. 
Oose sedi undergo comer Ne 
tioned sedimoniderable Sxtent by the activity ° 

a icroflora of Lakes and It 

Geotenn Kummotsov Zs, Unive of Texas Press, 1970} 
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sulphate-reducing b 
Mitization of these 
biogenic matter is { 
genic matter, i.e., 


acteria*. Sometimes, do 
sediments takes place. pio- 
hus converted into err 

into sedimentary carbo 
rocks, 


‘oi car- 
According to their mineral compositinns Coi 
onate rocks are classified as calcite rocks Moo) 
i dolomite rocks (CaMg 


es 0 
neerned between the iar on 
Seventeen—chalk. As investigations |) 


on of these rocks proves = f 
as already noticed by 0 M.S: 
the founders of Soviet lithology, Professor pe 
Shvetsoy (1885-1975). lm 
a thing of the quite recent put already Togi 
n a prominent geo ped 
having glanced in the field at a dolomite ubli- 
andstone on it in his p exa 
stick for decades, om ould 
onsisting of algae, "con 
declare them to b a specific, a ia the 
>. fe; he. r back ion” 
early thirties, but nre ey t 
o limestones and of rocks in general) has 
Ni continues even say 
lcolaus Steno (1638-1687) first recog” tal 
imestones derived from the ske in 
organisms. The first microscopi¢ pia 
J.C, Deelman, “Two mechanisms of micro 401 
vate “urey Pitation”, item, ep 
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Vestigati 

Were eons of lir 

ise a 

ritish n the well-known 

lifton naturalist Henry 

1908) pp Ey of eee 

Scientif resident of three 

Ureat Bu Societies of 

io, Me en aad 

Geolo, ineralogical, a ] 
gical , anc 

& small 

t A amall coe 

of lime biolithization” 

Y the stones was made 

- ig eer “Atlases 

es” ck-forming Organ- 

thirties py tho in the 7" Bae (From: 

i H ri „ Ca eux, edimenta 

(geist Luci ne French Lis of France, carly 

1864-194 cien Cayeux 1970 

Sian sci 44) and the Rus- 9 

a i at a student 

Y now, Samoilov, V-47 Maslov 

Podal D foraminiferal, polecidopodal, bra 

Ypes” ryozoan, crinoidal*, and n 
of limestones have peen separated and 

sed of va i 


have 
pal aen found to þe compo 
Dei emains of organisms Fig. 21) Precam 
arious regions, which ear 
. the classi- 


an li 
er Place ae of v 
ication v all lumped together U 
€~clas. of chemogenic, are now 
sified as biogenic- 


sa 
* 
forms the of the finest examples © crinoidal limestones 
Naquiry d eg slabs in the staircase leading to the 
Holey sence at | slabsagton Stations Idon. In these 
slabs sections of crinoi o abundant. 


3 pores 
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Hemipelagic 


ic zone 
(bathyal) zone Pelagic zon 


Cr 

1 

gi 

£ 

g 

D 
O+S 
Cm 

A 

E 

3 

R 

=| 1 

o tio” 

Vig, 24 i u 

$, ° ution 9 ccum 
(after St akhov, 1949): biogenic carbonate ac 5 
Ino; i 
ae haoa SE iiyoia oals; 3—benthic foram ii 
a urchins; '9 S; 6—brachiopods: od: iA 
itil Betchionbase Ypods; '19 gastropods; 71—-pterop m9 


yt? 
~ctinoiae 14—abyssal bivalved jan! 
Sea urchins; 17—P! 
foraminitere. Ha atched- heni ntnos gip oportas, 7 
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mposed not only 
anisms and calci- 
lite limestones, 


Bi P 
of ie ta limestones are CO 
fled di pee remains of org’ 
Which x lomes of algae. Copro 
Of the ane rocks whose initial material consists 
lime aaa amoni of mud-eaters that processed 
We) ae eee also biogenic. Limestones of this 
(discer e aggregates of fine Jets—coprolites 
iatan e only under i 
eon ite with microgranular calcite. They have 
and ge to exist since at le 
0.5 to za make up whole strat 
(foung m thick, and sometimes 
‘in, eg the Moscow Syneclise, Pa 
Miao, SOUI EST of England). Detrita 

Ve an Ye are also biogenic. Both the construc- 
manifes destructive life-processes dramatically 

oait in them; comminutio and re- 
rosule cot Of the calcareous substrate occu" as a 

as pa the activity of ivi organisms (as 
orm ntioned in Chapter Three*-*": 

"merly, limestones were onsidered to be 
Was p formations, although thi conclusion 
Ysis : hel. speculative. Detai cological anal- 
St as de 5 

lenonstrated that many Por marine or 


are 


Ones 

froo are ex -water 

sl extremely shallow We 

temarios deposits. Thus, hvetsoY ae is 
tolatiae (rhiz bores? ; 
o (rhizomes 0 ndë the Low- 


vid 
er ed with thi 
G j nin root appe 
Basin” boniferous limestones of the Near-Moscowy 
© Vegetable remains of such a kind cou 
the desta i ic factors in 
d . Schnei wpiniooical ane: inorganic 1a 
i 119 vaction eider, “Bio east" Contr. Sedimentology, 
*4 6). 
"eh, Moon Maksimova, Essays 0” Applied Palaeoecol- 
stow, Nauka, 1984 (i Russian). 
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08° 
supP’ 
not have been transported; one can only 5 o 
that the basin had be 


a 
wW "i 
en extremely shallo' ores 
that it was periodi infested with 5 mak 
Carbonified remain in) 
t 


as 
he Near-Moscow B nd 
‘he Evolution of Ca: 


A o 
arbonate accumulation © by 
cine i history was consider, 
: ircumstantial monograpy de 
lcite rock. A Zoe thi 
extends throughot” |g 


an’ 
rope: from England to the b pgi" 
y olo. 
Me Wilson, Carbonate Facies in Ge 
History, Berlin a.o i 


-0., Springer, 1975. 
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Chalk cli Tie 
cliffs th coast of G Beachy 
eee on the south contho background i Beachy 
ad. (From: Nat. Geogr- 4945, V- 87, 4, P- 425.) 


reat Britain 


the Emba. The ancient name of Great Britain, 
lbion” (from the Latin “albus”, white) sup- 
Posedly refers to the chalk © 
nly investigations on © 
ma last century by the fame 

ist Christian Gottfried Ehrenberg 4 
Te assumed that chalk originate from foram- 
nifers and particles 0 
Ten ap le. 

o ithic 007€- z i 

per cent ae os po dispe rtion i compose 
of coccoliths. There are from 


Hths ga ong cubile centimetre 
f 


= 
p] 
ac 
i 


8 
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Recent coccoli 
pon micrograph, 8000-fold 
y 


Jet 

ing e% 

th ooze in the Black Sea. SShotographð, 
magnification. Pho 1 


umenko, (From: Priroda, 1978, 6, P: 


(article by S.I. Shumenko,) 


jos 
y e urch o 
tion to coccoliths, exoskeletons of sea j 
rostra of belemnites 


5 

» and shells of mollusk is 
found in chalk, halk ? 
or a long time it Was not clear why 4 usi”? 
not laminated. his Problem was so prion, 
“2 method of impregnating chalk with ho 0 i 
ing oil*, elaborated y the Soviet lit pme? 
I. Bushinsky (1903-1980). By this wero 
traces of mud-eaters filled with their ae io 
apparent. It is clear that coce jnten 
alk formed, has pees Aly 

mud-eaters and rep 


ety 
S.I. Shumenko, on 979) 
Miner, Resour., 2, 37- 
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Passed through their own 
: mentary tract, which 
®sults in the absence 
Th, amination in chalk. 
eae bioturbation of mud- 
mee in the English 
on rocks has recently 
WT considered by 
4. Kennedy”. r 
onp alk is characteristic 
fea y for Upper Creta- 
ee deposits, this being 
Sociated with the cot- 
‘olithophorids that 
ra in the seas of that , 
ne and with conditions osed 0 
Vourable is the accu- chak compo® coccolit! 
mulation of calcareous Scanning 
“diments. graph. 
, Dolomi e a spe 
cific omies Proa tig a 
rocks. They are named 
after their discoverer, 
Dolomieu (1750-1801). e 
In appearance dolomite LOG 
to limestone, but, in contras., 
oam in reaction with cold & 
acid. Well-preserved remains 
also rarely encountered 1 
evidently, is an indication oe 
of the basin in which they need m 
olomite rocks are encounte in the chalk 
"= wal. Kennedy; uprace fossils in 
ment”, In: Trace Fossils (ed- ~ "4970, 
iverpool, Seel House prre 
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Cambrian dolomite com- 
Posed of the Temains of 
Cyanobacteria of the ge. 
nus  Collenia, Siberian 


iving 
it has 
almatian dog 
* C.E. M 
another clu 
Cosmochim, act 


ansfield, 


a, 44, 6, 8; 


sa t 
à in 
Y of the problem lies itio 
e found in the Soria, ue 
Matter (see Fig. ai 
been found in an 


r ic d 
“An urolith of biogenic © 
e in the do omite 


29-839 (1980). 
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zoit 
cambrian and pales 
deposits; they ar ate 
siderably less ce par- 
in the Mesozoic an 4 ia 
ticularly, in eg 4 
As soon as it rots 
to do!omites, a ee in 

note can be a i 

geological papers 
manuals. “ he 5 
of the formation ant 
omite rocks is kn A f 
be one of the m Ji- 
ficult in theoreti ade 
thology”, writes jralcho™ 
mician N.M. founde 
(1900-1978), the folos 
of theoretical = 9 2 
and geochemistry — th 
dimentary rocks t many 
Soviet Union. Nori f 
which so many sugg?” 
been voiced and ri 


iro 
A elt gs 

rd on the question ot ramai 

igin, nevertheless, sti Jomites 

)scure as that of do 

ov. 


t 
a 
by 
rolit 
«tg Se 
e ry 
Recent dolomit olomi? 
tery’ pocht 
mystery”, 
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for a long time. It 


Ment: 
s were not discovered 
d forties that such 


Was e 
sedimen, in the thirties an 
M the S. were found in salt Jakes and lagoons 
coast of oviet Union (Balkhash), on the south 
in soy the Persian Gulf, Bahama Shoals, 
Lago thern Florida, and tralia (Coorong 
geoloni - It was established t in the recent 
ous — epoch dolomite accumulates 10 aque- 
i Pes characterized bY high salinity, 
ation, pH of the water, and abundant vege- 
on been shown by Strakhov; dolomite for- 
ormin, in this case is conditioned 25 he medium- 
in th ng activity of autotre ng substance: 
from s course of photosynthe 
this Pig) the carbon oxide dissolve tribe 
Utes eads to an increase iP. ne ae ih- 
Scie to the precipitation © olomite- merie 
on Pap came to the same c nelusion T 
Calif e study of Precambriat ites found 1 
California", The connee gn m 
can o of organic matter and d pr je 
olo e directly well trace Dery an 
and mite rocks often smell of nydroge” 
and ae rock conse 7 
omite intercala ions, * ; 
eund concentrated in the dark pands, a” ca 
e, in the light ones 
hee. 3 ical 
nita ese” yon der Borch, D- Lo Geologica 
813-824 (107 — dolomite”, e 
aaa LN Wright „a. Williams Cloud, “Alga 
t yptalga structure an oroe 
the late pre Phan onde 3, 321-333 (1978). 
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Thus, in many cases there exists a ma 
itive correlation between the content o ite foun 
organic matter and the content of dames by 
in rock. This correlation can be exp wet mag’ 
‘wo interrelated factors, In the first plaeo: 
nesium, as we know, is contained in ar oa 
(its content there reaches 2%), and an i matte! 
Productivity of Photoautotrophic lying magne” 
may result in a rather high percentage o r handy 
sium in bottom sediments. On the other f 
ammonia, originating in the oi a alae 
neobiogenic organic matter, produces a form’ 
ine medium which, in turn, favours ‘r bonates 
tion of magnesium hydroxides and car to 


sment " 
The latter Combine with Carbonate sedim 
form dolomite, 


variety 
omite forms a » Jas 
is, already by the end wre’ ver 
n scientist Professor expert 
reported on interesting ria 0 
influence of pacten pis 
the formation of dolomites. According ected 
ata, ooze, placed in a test tube and psta? 
with the bacteria roteus vulgaris, su 1 
tially changed after a Period of one and o the 
years, Yellowish-whits beads appeared in olo” 
°0ze, which, upon analysis, proved to be ola 
mite; in contro] est tubes formation 0 
mite was not Observed. uari? 
In the 1950s similar experiments in aq) a- 
were conducted by the French researcher | genit 
ou. He came to the Conclusion that bacteriog ed 
carbonates (inclu 


: tain 
ding dolomite) can be ow ity 
“om any sediment, Provided that the q 
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atter is sufficient, the temperature 
he bacterial processes pro- 
er conditions of inten- 
are charac- 


of organic m 
is high enough, and t 
ceed in shallow water und 
sive illumination. All these factors 
teristic of tropical lagoons. 

By now the wide-spread occurrence of dolo- 
mites composed of the remains of cyanobacteria 
has been established in deposits of various ages: 


ermian (the Donets Basin, the Urals Terri- 
tory, North America); Cambro-Silurian (the Si- 
ate Cambrian (north of 


berian Platform); and L i 
iberia, the Kara-Tau Range). Most characteris- 
tic of them are dolomites produced by various 
Species of Collenia, though other forms of cyano- 
bacteria are also encountered Reef and other 
iogenic structures are often composed of such 
Protosedimentary dolomites. Recently, another 


example of dolomit 
(pation of biogenic matte 
le shells of dead gastropo 


1 . 
ae protodolomite) 
(the oorganisms which pr 3 
N le body of the dead mollusk 4 
which gets inside its shells toget 
enous material). 
The mystery 0 
Solved, A : 
Thus, biogenic carbonate rocks are Hee 3 
4 result of the activity of both the par Suit 
and (to a lesser extent) the benthic film 0 i n 
ìn the ecosystems 0 the World Ocean anc 0 
~~ ek 
ina, A.B. Sheko, “One 
op th Le, Sia L.S. Monate minerals”, Doklady 


he ways of formation ° p 
AN SSSR, 229, 6, 1430-1432 (1976). 


f dolomite is beginning to be 


18+ 
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sponate 
inland water bodies. The intensity of an 
accumulation in the geological past was t raphi 
siderable extent determined by paleagoogrnt id 
factors and by the content of carbon nic p20 
gas in the atmosphere evolved by hag en o! 
cesses, A.B. Ronov, Corresponding Me tes the 
the USSR Academy of Sciences, formu pi fol- 
main law of carbonate accumulation "R dimen 
lowing: “The quantity of carbonate aie $ 
deposited during the epochs following ere 
cambrian is directly proportional to the i 


: ii inia 
of volcanic activity and to the area of 
seag” *, 


“ace 
3 hara 
Referring to the tables illustrating the © y 


: formet, 
ter and localization of the procpasen perior ivin 
living matter, and the main functions 


f it 
biosphere (see Tables 3-4), i 10 


nsitY 


om! 
ism (constructi ). Dol 
rocks, however, are f 
both the Concentra 
functions of ivin 


$ rmi? 
tion and medium-fo! sid? 
but outside the 


n 
& matter, occurring not Í 
ide organism. en many 
he origin of siliceous rocks is similar 1 s ok 
respects to that of Carbonate rocks. Sela A ras 
are those Consisting mainly of silicon m 
such as opal, cha cedony, or quartz. 
| quartz rocks (sandstones and siltstones) 
belong to this gr 


oup. 
eS 


i00! 

ylation 

, A.B. Ronov, “Volcanism, carbonate accum. rbon) i 
life (regularities of thi 


© global geochemistry of ca 
Geochemistry, 8, 1268 (1976), 
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Fi 
$ het Diagram of formation of sili 
sh-water siliceous plankton; g— marine siliceous plankton 
ur 
Gems A history of si in the ocean is 
Genadale A dependen on lif processes, , wrote 
sky Scientific advances during the 
firm this. The me- 
py living mat: 


las 

a half century hav 

nism of silicon ayacentration 
* 

de W. Vernadsky, matière vivante et la chimi 
eo ai Rev. € ; = Eo 35, 1 5-13; 2, PEE 
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Jeine2 
ter has recently been studied by W. He 
and J.H. Oehler*, m GIE 
It has been established that deposition ma- 
liceous sediments takes place mainly HA 
rine ecosystems and, to a lesser exten This 
ecosystems of inland water bodies (Fig. a far 
is so in spite of the fact that seawater orma 
from eing saturated with silica: the zotua 
solubility of silicon is 0.012% and 0e 0004%; 
Concentration is 30 times less—only 0. tion 0f 
Tganisms responsible for the precipita iliceo* 
Silica have for a long time been called | a all 
us”. These are diatoms (containing oo ra 
the silica suspended in the World Ocon agel- 
diolarians, Sponges, and silicoflagellatae almost 
late algae); in fresh-water lakes these ute onsid- 
exclusively diatoms. Some authors** © 
er that the silica cycle 
regulated exclusively by the oncaryotes: Pari 
W. E. Krumbein and D. Werner*** have si 
nobacteria also 
o signs of chemogenic 


- 


i 
in the biosphere, gt 


. O: A ý 
form siliceous depejica 
precipitation 0 
Sa eres, 


eot? 

iolomga einen, T.H, Oehler, “Evolutionary a3? Int 

oF, biologica] involvement in the cycling of sior ed: 

‘8eochemica] Cycling of Mineral-jorming Element ga? 
Trudinger 


i R ier, Ams 
joat Pp. 434-4450" Swain), Elsevier 


t 

ien 

: i “Apo 
mn ee mik, ory ( 
microbial ecosystems”, ° pa, a galri uble 
1983, psttmbein), Oxfond a.o., Blackwell Sci. pial 


4 icrO: ae 
st ; Krumbein and p, Werner, “The mit" (o 
silica Cycle”, In: Microbial Geochemistr publ” 
W.E. Krumbein), Oxfor 

1983, Pp 


a.0., Blackwell Sci- 
ASST WD ete ay, 425-457, 
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have been detected in 
modern aqueous ecosys- 
tems*. 

Among siliceous rocks, 
predominantly com- 
posed of the skeletal re- 
mains of organisms, four 
types are distinguished: 
diatomites, silicoflagel- 
lites, radiolarites, and 


spongolites. The first 
three types of siliceous 
rocks at planktono- 
genic; ongolites are 
penthogenic formations. 
Silicon accumulation 

occurs 


Mode 
Seasons marine diatoms. i 
eran A electron micro- peo a 
ficatio 2000-fold magni- mostly in @ 
n. (Published in there ie maa È 
jatoms (the 


th 
he Russ. ed. of “TBB”.) tion 0 
greatest concentrations of 
In the 


a are observed in 
Piso gs biosphere, however, 
dia s are not accumulated in 
Iua are extensively develope: 
i amic factor and supply 

arbonate biogenic material also play an 
lap role; pure siliceous sedi 
a do not accumulate in those 
he role of these sedimentatio! 
significant. 


* H.E. Harper: .H. Knoll, ugjlica, diatoms, 
and Cenozoic radio volution”, Geology, 3: 4 475- 


177 (1975). 


, ITs 
larian © 
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Diatomit 


ich is 
finely porous rocks, the main bulk of whic 
composed of the 


are 

on properties for rocks: gee 

can write on a board with 2 p es 

of iatomite), porous (their Porosity rea ht: 

? mally, they are en 

the volume weight of a lump does not oe aie 

i s is equal to as little Prol 

-3 g/cm. (There is an ate yon 

img story about Fersman, Apparently nes 

s on vacation, he collected Bai 

all the Same. The Porter at the railway TE 

p wondering: “What a heavy $ ae 

Fare eee hava aot arife it with stones 

have you, sir? Had Fersman collected diatom 
tes, the porter Would have had no grounds 

grumbling. ) 
To understand t 


rial they are mposed of—diatoms. k 
The word “diatom” Stems from the Gree! 
“diatomos” i 


A ja- 
“0S > meaning cut in two, Tests of d 
toms, indeed, ¢ 


7 0 two parts, one pare 
entering the otlier, Te wa compare the tests 0f 
diatoms With things Customary to us, then, ES 
spe they most closely resemble a perforate” 
a toothbrush, the difference be 
diatoms are Porous over the parn 
Surface of their body and have a more divers 


t d 
, omite: ori in, occurrences, an 
+ Minerals, 57, 4, 145443 (1982). 
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Mari 
ine di r. 
agnific atomite. Scanning electron, microgra: h. 
ation. (Published in the Russ- a Pi “TBB”.) 


Shape: 
Matic. og can be disk-shaped: f 
rocks co c. It is, therefore, P surprising that 
Water SE of these tests are lighter than 
test rock avidly absorb moisture (apply the 
diatomit to your tongue, nd, if the rock is 
Sa it will stick to it). 
reproductic proliferate at a tremendous rate of 
eager Under favourable conditions the 
ayer r of cells may dou Je every 
ee biogenic silica accumulating in 
from 7 Ocean owing tO diatoms alone may reach 
ls to. 30 cm in one 
ate xe diatomites have peen kno et 
a thi eee period and occur à trata with 
tres "The of dozens and even ds of me- 
ing” re thickest peddings of diat es, 
inc 600 m, are foun S One United States, 
L alifornia (Lompoc Field of Mi 
ake diatomites are y 
only in the Eocene 


t 
oms appeare 


[el 
© 
D 
° 
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are less widespread; they are found 8 m 

Caucasus, in the Far East, in the Carp 

thians, in the north of Western Europe. in 

he regularities of silicon accumulation by 
small lakes have been studied in detail 


e 
mo. It was established that ta 
accumulations ccour mostly in moderate ya? 
high latitudes, In some cases (but far from ‘is 
ways) they occur in volcanic areas: le “rage. 
an additional Source of mineral food for di 
toms. If volcani aterial is not ipitrod ae 
Pment of persilicic shears 
S subject to intensive weathering s- 
à prerequisite fop silicon accumulation in lake 
Specific Morphological Catures of the hk 
in which silica is accumulated have also be 
shallow water (predon 3 
a „a depth of 3.4 m) ensuring § E 
ficient aer of the entire mass of watert 
and a small water area of the lake or its subdito 
sion into autonomous parts (this precludes 1 
motion of water at a considerable speed and hi” 
ders the Accumulatig 


g3 
e surr i the pre 
ence of Mossy cow Oundings and 
tion. A. » Arutyun iato- 
i yan has noted that dia! 
mites of small lakes `ar Characterized by hig? 
eee large lakes the are of usua!” 
ly dineutity, and the Preservation of the tests 
i ee E Nat ; “OS Tegards Silicon accumuler 
lake “laws abs iy obeys marine rather tha 


are e Most widespread among 
Siliceo Tocks, en silicoflagellites: 
ve recently described for the 
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first 
time 
of t b ETS the most rare. They are composed 
Dhytoplankt etons of other representatives © 
kton—siliceous flagellate algae or sili- 


Ollagell 
a atae. Usually skeletons of these algae 
all quantities in 


an al 
PURAN encountered in sm 
Outh-E s, but in Neogenic formations in 
dividual a Europe silicoflagellites make up in- 
adi strata. 
age like the preceding types of sili- 
It, in £S, are composed of P ankton remains, 
y nic to diatoms and silicoflagellatae, 
Dhytonl., composed of z00P rather than 
the plankton. Accordingly: below 
the euphotic zone, encompassing ' 
laria photic zone. The major Par of the radio- 
UPper biomass is, nevertheless, CO” in j 
riang 250 metres of the ocean water (radiola- 
« are exclusively marine? imals). The name 
Latin “radius » 


Pantene: 
eh cea stems from 1 ius» 
dlio ae, ray. The microscopi? skeleton oie 
È rete is an intrica herical led 
ions buds with long spicules extend in a a 
might zon the sphere withs rict T vf es ae 
Ure think that radiolarians wer ated tT 
and ee to illustrate la 
rfection. ? f 
ths one book radiolarians wer ese tis 
whi most elegant 4 peautitu h ouel 
R exist in the animal wor A se 
> author is inclined t° re tl 3 on p 
be ancient Greeks, W20 mainta Lee 
eautiful human body 3S the most per Pe 
inde of nature, the eles ce of ere ans i 
eed, worthy of ountan rati a ai an 


Radiolarians 0000" 
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are less widespread; they are found in th 
Caucasus, in the 


ar East, in the Carpa- 
thians, in the north of Western Europe. 


he regularities of silicon accumulation a 
small lakes haye been studied in detail 


5 eatures of the a 
5 accumulated have also be 3 
established as follows; shallow water (predom- 

3-4 m) ensuring gu 


e 
i ous parts (this precludes he 
motion of water at a considerable speed and hi 
ders the accumulati oozy sediment). 4 
: Swroundings and the pi 
ence of mossy cover favour silicon accumu: #8” 
tion. A. A, Tutyunyan has noted that diato 
mites of small lak are characterized by hig” 
purity, whereas in large akes they are of Mi 
y ow purity, and the Preservation of the mire 
of diatoms is Poor. As regards Silicon accumu n 
large lakes, it obeys marine rather tha 
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first ti 

of ime, are 

th the == most rare. They are composed 

3 ytoplankt Wi other representatives o 

SS ankton SH a flagellate algae or sili- 

can also d . Usually skeletons of these algae 
iMirenttes. neous in uantities in 
outh-East z ut in, Neogenic formations in 
‘vidual eal silicoflagellites make up in- 

adi rata. 

Ceous ee like the preceding types of sili- 
ue in ee are compose of plankton remains, 

they are ntrast to diatoms and silicoflagellatae, 

phytopl composed of 200 ther than 
is me ankton. ‘Accordingly: 

the a oe zone, encom 

eE vs zone. | j of the radio- 

upper fe aac 13300. 

rians 250 metres O 

“radi E exclusively 

meani arian” stems from 

ETE ray- Th pic skeleton of ra- 

structure.. is an intricat e x 

tions ies with long spicules ext 

might rom the sphere with strict regularity: 

think that radiolarians were crea d by na- 


turi : 
ire specially to il ne laws © 


f the ocean, 
marine a i 


a perfection. 
he ee book radiolarians wer described as 
most elegant @ peautiful formations 
imal worl nd thoug? 
inion 0 


wii 

—— exist in the, anim å 
e author 1S inclined to share the op 

e ancient Greeks, who main ained that the 
is the most erfect crea- 


ana human pody is * p c i 

i n of nature, the elegance of radiolariays is, 

ndeed, worthy of our admiration (Fig. 2 
yred in the Cambrian peri- 


Radiolarians ocot 
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w 
sa's albu 
Fig. 23, Radiolarians (Sheets from E, Haeckel’s 

“The Beauty of Forms in Nature”) 


are 
4 to the number of cee “th 
Organisms which were first discovered i 
fossi] ate and only 

day 


te 
h sen 
later found in the pre 
biosphere, 
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p aiota are less widespread in the meta- 
poe than diatomites, put the thickness of 
ney strata reaches 38 m (Paleogene of Barba- 
56 i The distribution of radiolarites in the 

7 UTNE I PoEpDÉJ; y 
Tri WO UA 
tadiol y H.R. Grunau* and A, WUDS \ 

i ij 


rian 
Skele 
Een tons are liberally dilute 


SDrea 


Regard? 
were ting spongolites, gome time nar 


toy ntine i 
15 m. SPongolites, with a thickness ol U 0 


the rad 
Wat So 


: “ qiverse 1 p 
Th Pongolites are rather divo e rocks; grey 
onsistins o 


yey ar ine 
ise homogeneous, ieee 
green ele i Sa ours > s als— tbe 
and black "weling anim 
Li 


S 
Lules of pottom he are 
-called “siliceous” spong ; ? ponges 
Whe elements? ng a these tructura 

hen the sponges 2° alive, 5 skeleton by 
elements fe pound together i a 
a sociate 

i san cherts an a 

rocks EN Grunt padi Gaol. Helvetic® 58, 157 208 
wer dimentation ra- 


(1965) e 
ke i «piosiliceon$ sedi ns”, Oceano- 
; M. Steinberg» -jj t fluctua i , 
diolarite periods an4 silica DUD 449-454 (1981). 

ogica acta, supPl> No. sper 
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The length of the 
their cross-section is ag ] 


of a mi limetre, and tl 


ever 

- Spicules resemble the lee l 

or “S”, all kinds of fish-hooks, widents, yokes; the 

cent spongolites have been found k5 spi- 

> where “glass wool” from a as 

cules of siliceous Sponges makes up a laye for 
thick as 30 to 60 cm. Since spicules accou! 


1 
*eent of the total volume orm 
body of siliceo ges, considerable Cah 
ations of these organisms are required for | 
ormation of 


°F spongolites. 
It’s beyond di 


es 
‘pute that all of the four tyP? 
of rocks discussed 


gai 


isise: : ing in the 
SCussion, Organic remains i 
> and 


Š one 
ese Aemogenic. There nave 
opinion, however, that gaizes and tripolis an 
f latomites, and spongolites ini- 
Jaspers, from adiolarites, Which lost their zata 

lal structure in the course of diagenetic and ka 

genetic Processes, 

NG ior is and 
L 2 Sir Shumenko, a anopetrography of tripolis sa", 

aizes in Pennection with the question of their gene 

Doklady aN SSSR, 240, 2, 27-430 (1978). 
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e end of the last century, 
hev, after whom the 
cting in Lenin- 


aoe early as at th 
cademician F.N. Chernys 
rae ee of Geological Prospe ; 
tadi 1S named, found remains of a rich fauna of 
tadiolarians in jaspers from the South Urals. 


Our jaspers are, without @ doubt, abyssal 
nev in 4899,'‘and_the silica 


slime”, wrote Chernysl 
ished the funda- 


of radi b 

s radiolarian skeletons furms 
ental material for the accumulations of quartz, 
s”. In the 


Ya.V. Sa- 


Scattered throughout the rock mas 
ly biogenic 


2 decades of the twentieth century, 
6 vilov* suggested the predominant 
rigin of siliceous rocks. 
r pense sediments are forme 
ae asaresult of the | 
a ing matter. Both in the logic 
epoch and in the geological past (beginning 
bid the Cambrian Period), the accumu 
f biogenic silica has proceeded mainly in ma- 
rine ecosystems. If initially it was effected by 
an 


the benthic film of life (siliceous sponges) 
(radiolarians), beginning wi 
zoic era, the main ro e 


the end of the Meso 
has been taken over by 


in 


Phytoplankton ( 
Silicon accumu 
the Eocene epoch with 
Tater forms of diatoms a” 
ess significant. li 
A specific fac olling the biog 


tor contr enic at- 


a y ‘lov, E-V- Rozhkova, “Deposits of 
silica AA A Trans. of the Institute of Applied 
Mineralogy, 4925, Issue 48, PP- 1-76 (in Russian). 
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jJica 

f silicon is a rich supply a ee 

to the ecosystem, This can be effected it seit 
marine and fresh-water ecosystem 


» dis- 
y of volcanic products or 


idic 
4 acidi 
ts from the weathering of No the 
ine ecosystems, in addition byssi 
ard movement of 4 phos- 
water, which ig enriched with silicon an 
phorus, 


Geological evidence 


Jeo- 
(starting from the Pa 
zoic era) and recent d 


4 hat 
ata have entabliahet tog 
the supply of volcanic products intensifi 
vital activity of all grou 


isms. These or, 


yor 
- As has been shown by I.V. Kh 
Tova, the formati ved in 

eposits in strata is oa ae 
ne main effusive volcanism g is 
re accumulation of AAROTALS 
associated with the appearance of large ame th 
of a fine Suspension of acid volcanic glass in 

water, 

When an undertaking is 
sometimes say they are “goj 
chase”, A task 


guided by > one can successfully ed 

Tel, ancient upwelling concentrations of li df 
cently the Ukrainian scientist Tei 

ed on investigations of § 

> Outlined 


: sea 
an upwelling in the 
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Which exi 

ee in the Cretaceous Period on the 
the Uni the Carpathians, an N.A. Brewster 
ening States outlined an upwelling in 

We sell sea of the Antarctic. Ld 

rocks y hall conclude our story about siliceous 
an a recently published statement by 
le be age Though in the history of silicon 
le hi of organisms is not as dramatic as in 
istory of calcium, even here the history 


th : 
le given chemical element cannot be under- 
i.e. the role of siliceous 


Sto 
od by us without it (i- 


Organ; 
"ganisms.—A.L.)*- 
austobioliths area third group of sedimentary 


"Ock 
Oks, characterized by consi erable eer 
About one hundre: 


lo 

Years of biogenic matter- r 
ested ago mankind was forced to become inter- 
Will show caustobioliths- “Now, when Russia 
ay aortly be pierced by railways 12 various di- 
lenge ae when even in Moscow one has some- 
fole to pay 45 roubles in banknotes ior 
att rable sazhen of pirel ic 
ention is of necessity directed to ae to 


conahGant 
usti ial, which 1s exp ) 
eal, » These Jines 


Obta; l 
amed either in coal, or in pea”. . brie 
ly e back to 1857, and today mankt annua 
th burns a quantity of caustobioliths equa 
bord accumulated by bygone 
ilion years. It is an fll Sind that bl 
pond, and humanity has again, of necessity, 
urned its attention o renewable sources E 
energy, to living matter, and more specifical y. 
to the green mass of plants, from 
——_— 
a * VI. Vernadsky: Living Matter, N 
978, p. 60 (in Russian)- 


le 


auka, Moscow, 
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tible 

processing with an i 

gas is produced*, . ed 9 

he term “caustobioliths” is comp VSupios" 
three Greek words: 


coal, 
(life), and “lithos” iments 3” 
oil shales and Petroleum—recent sedime ic 


us 
aerobic bacteria, comb 


» are caustobioliths, sub” 
“Organic matter, penetrating all the tudy» 
crust accessible for $ ene 
‘igin... Through the hae 
geological Processes these orgao, ii 
stances, of the bodies and moter 
lism of nter the stratisphere IELA 
the biosphere, into the metamorphic envelope 
wrote Vernad ky. 


s jc 

n 

The most intensive accumulation of orei 
matter in the present-day biosphere occur 


ion 0 
n some lakes. The accumulation ©” 


“A swamp can be characterize as a lake, bU 
with bound water, or as land, HME containing 
90% water and only 10% dr 


i Y matter.” Indeed: 
one part of dry peat is capable of retaining from 


iet 
25 parts of water! Vast areas of the Sovie 
tas are characterized by Ptimal conditions 


Zeikus,, “Chemical ang fuel production by 
T kasiet, Ann. Rev, Microvioy” Ba, 423-408 
E, Vernadsky,| Workss yak Ei 2, p. 93 (in 
Russian). 
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for peat accumulation, e.g- adjacent to the 
altic Sea, Byelorussia, the northern part of 
the Ukraine, the north 0 the European part of 
the USSR "West Siberia, and the Far East. 
Sixty percent of the world’s resources of peat 
ro in t jet Union. : i 
‘Climatic Sov doas are a “triggering mecha- 
nism” for the formation of swamps. As the peat 
lands develop, the role ofc factors dimin- 
ishes. The main factor Atel 
tion of peat itself, W i nges all We ual 
ronmental conditions. The swamp gradu ny 
turns into an ecosystem, developing to ajconsitr 
rable extent in accordance with its D 3 e 
nal laws and relatively independent 0 h 


vironme: A : S 
In iio to the Jandscape-climaty” i 
uisites for peat accumulation pnas ge ae 
ecological ones: thes? are factor Pio Ein 
development of consumers of A in ri 
Matter (this has already eena of nitrogen 
p ceding chapin Sineralization of neobiogenic 
organic matter bY saprotroph ee eta to 
con à s þe wit in h 0. o 
5. oi ratio AlS ratio is higher and, there- 
fore the decomP0 ‘sion of biogenic organic mat- 
, 

ter proceeds at & s 

‘ a te. P 
Obiolith formatio’ A 

reae EG Voinovsky-Krieger (1894-1979) 
wrote: “The accumulation of vegetable mass, evi- 
dently, obeys other regularities than those for 
the accumulation of sand and silt. In this case, 
in addition to the geomorphological factor, a 


19% 


; s 
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biological factor participates, and perhaps even 
plays the main role”, 

Thus, the accumulation of the neobiog? 
organic matter of peats is controlled by the °°? 
logical factor. The transformation of peats inl? 
paleobiogenic matter is determined by another 
factor—the geological one (tapho-factor). 
side and littoral-lake Peat bogs in the zones 
subsidence of the Earth’s crust. have maximu™ 
chances of passing into the fossil state. 

Another type of ecosystem in which the ace 
mulation of neobiogenic organic matter takes 
place is inland water bodies. It is of interest 
consider the relationship between the depth ° 
the water body and the percentage of organi? 
matter subject to burial. Thus, in the lakes ° 
Lithuania with an average depth of 3 m, 2/3 
of the annual production of phytoplankton Í" 
buried; with a depth of 3 to 10 m, 1/3; and i? 
those deeper than 10 m, only 1/10. P 

In contrast to peat bogs, in inland water bod- 
ies it is not the remains of higher plants, bU 
of sapropel (from the Greek “sapros” als “pë- 
los”, meaning “rotten from Phytoplankton slime”): 


an accumulation of debri 
i S a 7 on 
bottom-dwelling and fr and zooplankton: 


and excrements of animals. A Targ 


nic 


N.V. Cordet. 

Finally, biogenic organic matte 
ent-day bigspaeap accumulates a 
ecosystems, mainly in shallow lago Be 
sic factor which controls the eee The ee 
neobiogenic matter in the World O Rion (0 


* * ce, i ir- 
cumcontinental zonation. According T is cir 
ata re- 


r in the pres- 
lso in marine 
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eli by the Soviet geochemist E.A. Roman- 
in th 1, V.I. Vernadsky prize winner of 1978, 
shor peripheral areas of the ocean, comprising 
abys big continenta slopes and near-continent 
ter oF troughs, % of the entire organic mat- 
ene the ocean is accumulated; in the marginal 
ion of the ocean ed, 10%; and in central 


areg 
eas, about 


E 10» 
This is how the accumulation of organic mat- 


piosphere- (The 


ter 

for occurs in the present-day 

mation of caustobioliths is dia rammatically 
ecumulation of bio- 


Presented in Fig- 24.) The t logical 
: geo ogica past 
formation 


eni A 
Senic organic matter 
arge accu- 


r 5 ae 
Proceeded in a simil 
ed wil 4 

f countries 


ants, characteristi o 
i 5 and deltas © 


mulations of pl 
With moist climates, 1”. he outfalls 
eee rivers, in the plains of their pasins, on the 
ans of continents and islands, and in tidal 
ats. All these are arge concen ions of life, 
Where the mass of organic matter, found in a 
State of slow decompositions is remendous- os 
concentrations of life 


sibly, these are the larges 
on land that we know 9 2 wrote Vernadsky. 

i „the Devonian, i.e., 
ad from the sea 


since the time ¥ 

to the littoral are? 

first sight, unpr ssessing, coals 

tions), when yiewe! a microscope, fas- 

cinate one by -ange-red hues they 
are comp of coalified 


display. They 

0  * BA. Romankevich, Geochemistry 0. 0 i 

in the Genet i S eet A Ara aa 
p. 253, | Vemadeky, Alcan, Paris, 1924, 
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ri 
onale TOKS 


ation as e 
Fig. 24. Form: of Caustobioliths and carbonat 
rocks: ing on 
q—sapropeltormMig Organisms; 2 carbonate organisms 


table tissues, which are calle; the 
rg eg TE 8 lt hyo 


u n 
years methods P Ae a plant”). I 


i z an sS 
of its conversion into coal end the proce 


.V. Lapo, “Phyterals of = 
The patacobotanist, 25, 205-216 úpa coals of Tuva”, 
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M r 
or orog coal composed 
a comanre nad leaves © 
peta The Lena 
F l Banin. Photographed 
dimi e author. Somew a 
he inished. (Published in 
Russ. ed. of “TBB”-) 


From these data one can get 
egetation which S as 


tor the formation 
The composition ° coal was sub i 
fie changes during the course f geologica 
history.* In arboniferou C there ar 
many spores; in o Carboniferous als mas 
sive trunks of wood lants appe the first | 
time (earlier, woody P nts wer dominan ly 
d pamboo, oF ad a loose 


tubular like present- ay N ? 
central portion ‘vo reed); 1” the Mesozole era 
the coals are presse from leaves or from resin 
needles; for ne and Neogene periods 
lignites are characteristic, which are remains of 
conifers with 4 m croscopically distinguishable 


nikov, “Development of coal 


* Yu.A. ghemehuzh Kc 7 
accumulation i eological history”, IZV. AN SSSR, geol 
(1955). 5 


n 
series, 3, 57-8 
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Lignite— t 
growth in 


agyar Allami Földtani Int 
P. 48.) 


ite ofits 

runk of Sequoioxylon, buried at the sito prom: 

a coal bed of Neogene age. Hungary. 1979): 
ézet... az 1977 évröl ( 


Í 

sition 0 

wood, etc. From the composi ai 
Possible to determine app! 


; is 
formed hy heterotrophs s 
in coals. ‘These ad 
y ost widespread jn Paleogene ae 
®ogene coals, emains of bacteria, anthropo¢ 4 
and vertebrates have also been found. The mos 
Surprising findings Were made in two brown p 
; urope: Gej Paleogen® 
mn the Germa Democratic prr A ad Turow 
Yeogene) in Poland, cre, remnants of a sur- 
Prisingly rich and diverse fauna of vertebrates 
were found (recal] the above-cited statement bY 
ernadsky abont the “largest concentrations © 
life”): fishes, amphibians, reptiles (crocodiles, 
izards, Snakes), irds, and, finally, mammals 
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ial rats, Dats, prosimians). 
of the small coal fields of 


gil M. Teichmüller, the prominent West 
the nan eee in coal petrography,* found 
ned pat of a young individual of a “near- 
aliea to anthropoid ape pelonging to a genus 

to ours. The baby had drowned in a 


Swamp. 
1 to ancient peats, 


A horses, marsup 
the coal from one 


aes coals correspone 
bustible shales were formed from sapro- 
accumulate in lacus- 


pels which sometimes 
Gat and more often, 1”. 
Faroe who studied this pro 
nig the following types 
(a) pelagic planktorps g oil shales; (b) pe- 
aes benthogenic oi shales; (c) oil shales of 
ood and pre-estuarine types; 


of reef type (the latter are rar 
that these ty 


ys formed 
py the planktoni 
by the rear-shore 

In all cases the 
processed by 


shales was intensively 
it is difficult to 


isms and, therefore, } 

organic remains in oil shales. 

the Soviet paleobotanist .D. Za 
i out classical inves 

me Paleo- 


1946) has carried c 
of the initial vegetable material of S0 
zoic and Mesozoic oil shales. he French spe 
cialist in coal petrography oris Alpern came 
a 

i i ü “Di 0 itecus—fuhrende Kohle 
von M, eich gaseto "Toskana, Italien)”, Geol, 
Jahrb. 80, 69-80 (1963) 


iospheres 
298 Traces of Bygone Biosp 


to the conclusi 


ú tit- 
on that the predominant constit 
uets of the 


‘co OL 

organic matter of P aleozoi a 

shales are the remains of the fresh-water ê ai 

Botrycoccus braunii, while for oar aye 
gae Tasmanites and cyanobacteria 


. ae ician 
tocopsis are characteristic. In the Ordovi 


deposits of the Baltic Region so-called “dicty- 


e A atter 
occur, in which organic ma 
o 
ganisms related to the phylum 
Coelenterates, 


is of 
t one time the problem of the genesis 
petroleum 


f Vassoyevich developed a theo 
ry of petroleum formation called “sedimentary” 
le 8rational a ccording to this theory peira 
pi is a child of lithogenesis”, Remains ife 
me organisms of the Planktonic film of the 

S the raw i 
depth of the waretial for Petroleum. If 


e 
Di Water body is not reat and th 
conditions for urial are E A organi? 
matter, comprisin i 

passes to 


: e remains of plankton: 
the fossil state, "The “birth” of petro- 
eum as a liquid Phase of hydrocarbons, separa 
Í 
* N.B. Vassoyevich, Selected Works. Geochemistry ° 
Organic Matter and Origin i n eoa Nauka: 
(in Russian) of Petroleum, Moscow, 
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ing 
m a see organic matter, takes place 
principal arth’s crust within the so-called 
depth of p pa of oil generation” located at a 
where tem to 6 km below the Earth’s surface, 
(it is temperatures range from 60 to 160°C 
“the Peg! in this sense that petroleum is 
The hild of lithogenesis” 5 
Petrole isotopic composi jon of the carbon in 
y nes provides proof that petrorey 
ioge med from piogenic orga” r 
nic and abiogenic matter the ratio 0 
nd, there- 


istic 

in pet Moreover, “piomo r 
Ogues roleum, i.e., compounds hich ha e ana 
s in living nature an his Ka a 


ea x 
bear witness to the pioge 


initi 

itial material of petroleu iderable 

poun has show® hat a pasis 

o nt Vernadsky’s views served aS te nee 
a these conceptions: n the wor Tee 
e organic theory of the origin ° etroleu 


pann A 
-ne ove al] reserves of causte j 
expressed bY a figure o naos tons: © ayich 
oe to the Joulations 0 Vass rbot 
his is only 0.36% of the entire orga the iit 
tts in the sedimentary, rocks © 

inental sector © e Barth's se 


* j.w. Hunt, Petroleum 
Freeman a. co, San Francisco? aa 
gman a, Otssot, D5 Welte, 1978: P- 538. 
and Occurrence, Springe": Berlin a” 
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i i i tter, like silica 
velope. Biogenic organic matter, d in the 
and possibly carbonates, is represente: 
metabiosphere mainly in dispersed aea of 

Thus, the Paleobiogenic organic ma Jand 
the metabiosphere has formed both nal film 
because of the activity of the eee 
of life) and in the ecosystems of inland ge 
bodies and of the World Ocean (in the roni: 
aquatic ecosystems, mainly because of sige poor 
Nvestigations Carried out by A.V. Van í tensi- 
strated that volcanic activity strongly in mat 
fies the accumulation of biogenic organic f the 
ter, first of all, owing to an enhancement = in 
Productivity of iving matter (discusse pio- 
hapter Four). In the formation of tangent 
liths the concentration function of living S is 
ter is manifested, hut the energetic functio us, 
dominant, This very circumstance enables rgy 
when we burn “austobioliths, to use the eis 
of sunbeams ating from millions of years og" 

i eason that caustobioliths @ 

solar oods”, as 
ris A feature of caustobiolitt 
sized the evolution of ie 
Properties, “They le sol 

liths.— 4.7) disp] y individuality and uniqu 

time 

iversity „Pressed in t the 
cal diversity and can be Simply explained by t oa 
fact that for every geological moment the Sa 
Sanisms, whose po ies they represent, vite 
i erent chemically, and as ame 
microbes which had caused Le 
formation and Whose bodies enter into tp 
composition... Jn Caustobioliths we see a clea 


| Vernadsky 
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evolutionary process.”* 


m A e 
anifestation of the 
in this direction are 


Ex . ‘ 
ge investigations 
BE undertaken. 
gee E is not present in all sedi- 
are found cks in $ ncentrations as 
and in in carbonat siliceous rocks, 
ing, 4 caustobioliths. hatic, iron-bear- 
genic and manganese ontent of bio- 
Pl matter is lower. 
Pee rocks usually contain at least 
Seta oe oxide. Phe main minerals 
erals ling phosphorus are finely dispersed min- 
conta: of the apatite group: hosphate rocks 
cons: mog 12 to 40% phosphorus oxide are 
etal idered a mineral yegource— Phosphor ttt Sev- 
types of phosphorites are distinguished: 
nodular phosphorites, 


e rocks, 
In phosp 
rocks the © 


Coquinoid phosphorites, o 

ee percent f all reserves 
es are confined to 

+ The thickness ° pedded phosph 

er ae 45 to 17 m. 
leir appearance. 

chalk, but more 


almost black. 
hosphorit ofte 
Thus, in the thirties 

ri rst mistaken or 


bauxites. On 
not in the field, put on the i 
y i Chernyshev 


Palace of Geology in the 


Structure of the 


nemical 
Nauka, Moscow, 


* VL vernadsky: The Chemi 
Earth's Biosphere. and Its Surroundings, 
1965, p. 269 (in Russian). 


—_ 
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Small Phos 
Kazakhstan 


Phatized co n ee 
go, ietographed by Gt Bushinsky. (F 
Priroda, 1980, 6, P. 36.) 


ification. 
Prolites. 25-fold magnifica 


in 
Museum of Geological ecting. There, 7 
1949, NLA. Krack 3 prominent rel 
i p » While looking through the ter- 
lection at th museum, came across an ue on 
esting specimen. According to the inscription as 
the label of th Specimen, dating as far baok oe 
ears, the SPecimen had been cla u 
fied as sandstone, } in reality it turned dy, 
o a igh-quality Phosphorite. Eviden ery 
Such mistakes also happened earlier: the a0”) 
name “apatite” stems from the Greek “apata 
deceive”. rite 
TY of a large deposit of phospho se: 
on the smal] island of Nauru, lostin the expan: 
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of the Pacific, to the 
Southeast of Australia, 
is just as unusual. 
pethey say that it all 
KES in 1897, when an 
I ustralian sailor, W° 
happened to be on that 
island, picked up à stran- 
ge stone from the groun. 
and brought it to his 
Native land. In Sydney 
it was used for propping 
Open the door © 
office, until in 4900, 
A. Ellis, a geologist from 
New Zealand, noticed 1” 
On the basis 0 
ical analysis 
came to the conclusion 
that the stone was bP” 
ane phosphorite- ne 
Ñ i eolo- 
Eclat at and discovered A Parod | 
the entire surface e isla : 
te rig dine ana etc 
ae aes a ee, =i output of phosphorite 
men, wom- 


the island, and the z 
per each Í inhabitant of Sela 950 tons. Natu- 


en and children jncluded, "ni fad 
sphorite 3S exported. 
11 tHo E gates of indi- 


rally, almost al’ ites 

r 
ene phosP il fused-together _nodules. 
E a of with nodules varies; pieces 
of Epes) and phosphatized organic remains 
(wood, shells Ai mollusks, etc.) are also encoun- 
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ET 


Working of guano on the Islands of Chincha (Peru), From 
the Photograph taken by G.E. Hutchinson is the forties: 
(Published in the Russ, ed. of “TBB”,) 


tered. In addition, sometimes phosphatized 
coprolites are Present. Coquinoid phosphorites 
occur mainly in Ordovician deposits. These = 

Conglomerates, crammed witi 
shells of inarticulate brachiopods. The so-calle 


mae of Estonia, with a thick? 
ness of up to 11 m and including the TEMEI. ia, 
: tia, are a typical AEDE 
Aeron Ype of phosphorite is Sali? 
breccias, These are Porous rocka, yellowish 
> Consisting of fragments ta 
ail *keletons Oor those of ree vertebrates. m 
is pty the last item on the list of phosphorites 
u eoio; which are tremendous accumulation 
thick) of the excrement of sea birin 
®cean coasta) or of bats 
caves). On the Islands of Chincha, near) the con 
merica, the layer of guano annually 
tigatwated is 8 om thick. A ese inver 
gation of guano deposits was carried out i 
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the late forties by Hutchinson. His bulky 
(over 500-page) monograph* remains unsur- 
Passed in its profound ‘and thorough treatment 
of the material. It is usually cited in any publi- 
cation dealing with the geochemistry of phos- 


Phorus. 
These are the most characteristic types of 
been the subject of 


Phosphorites. Their origin has 
rs. The difficulty of the 


discussion for many years- 

Problem resides in that the remains of the organ- 
isms which formed phosphorites are rarely pre- 
served in them (bone breccias and Obolus sand- 
Stones are exceptions). ‘At the same time, scien- 
tists have long suspected that living matter must 
Play an important role in the formation of phos- 


Phorites (Fig. 25 
Fig. 25). : 
The biogeochemistry of rhosohores °F ‘on 


Scale was considere 
hell#*# has listed 76 phosphorus 


i als which are most likely formed 
he activi f living @ r 

tes s up i 5 i phosphate. Th 
Content of calcium ill n a 
the shells of inarticulat 4 ia soi 
interest to note that prachiop 


~ 

* G.E. Hutchinson, “Survey of contempor 
edge of ibigueochemistry. 3. The biogeochemistry gi fen 
(ioste excretion”. Bull. Am. Muss. Nat. Hist- °% 

i i z i istry of phos- 

** GE hinson, “The biogeochemis - 
phorus”, In: Hoto iology of Phosphigrus y ial Wol 
erink), St. Coll. Press: ich., ae en 

ek D, wpiogeochemistry phosphate 

ek D, McConnell, Bio ycling SY neral-Forming 
Elements (ed. P-A. Trudinger, D.J, Swaine), Elsevier, 
Amsterdam a.0-, 2” 463-204. 


20—n4909 
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Fig. 25. The bi fter 
T ad e bio, ei ; s: (a 
] Duvigneaud, 1974) emica] cycle of phosphoru: 
1— accum i jtion 
o neoblosetion ot mje Porus by higher plants; 2—decompes te 
$ ; atter; 3— excrement; 4—erosion; , 
e ts at giyolcänie apatite: 7—precipitay ition 
involvement net*ble aepthet o= transition to fossil St? 
a R biological cycle by diatoms 
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lens 

ae toa different order, 

aches consists not 0 

Thos ate. In plankton as aW 
phorus dioxide is many Or 


ar 
coe rich in phosp 
f na contain up 
anes a take into ac 
a ot change their ‘ 
then mn occur 1n ses 
ph 1e role of crustaceans 
p osphorites may prove 
ortance. j 
mepasphorus oxide 
excrement 


f phosphate, 


*, Fish scales 
horus. Carapa 
to 50% calcium phosphate. 
at crustaceans fre- 
” and that their low- 
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to the order of artic- 


but of calcium 
hole the content of 
ders of magnitude 
and skeletons 
ces of crus- 


as in t em Ll 
in the creation of 


centr 


js also COP J 1 
(the first type of Jogical activ- 


rganism 


Wo effected outside ° the 0 nus, in 
che excrement 0 marine animals, e conte 0 
Phosphorus oxide is 3.25 times higher than in the 
Surrounding bottom, sediments Ani aportant a 
Se of evidence arguing for the parti pation of li 
ving matter in the formati of phosphorites is 
also the high percentage o ani mano op | 
anic carbon found in 2 nospho- 
phosphorite 
in his 


ae organic 
ae S. Numerous 
posits were cit 
renee read at the y Sessio 
eontological Society- , 


examp!® 


At t he nine eenth Š 
he end of th ee hypothesis was 
result of the 


ted DY. nat the ‘All-Union Pa- 


peginning of 
ad- 


bs twentieth ce? ai 
anced sphorites s 
that phosP Sisi = Os Murray R. Renar 


mass death of oF8* 


* 

J. Lucas, L- Prevot, 

on genetic model jor peshe V 
, 


Geol. Congr., Proce 


oe 


pa ite sym 
sedimentation, 


VNU Sci. Press. 


thesis—new data 
27 Int. 
1984, V. 156 
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and L. Cayeux, A.D. Arkhangelsky). Bone brec- 
cias provide strong evidence in favour of this 
hypothesis. In modern seas, the sea floor in some 
areas is covered with a layer of dead fish up t° 
2 metres thick. The hypothesis proposed by Mur- 
ray had been criticized for a long time, but it has 
now been shown* that mass asphyxiations o. 
fish occur systematically at an interval of sever- 
al years. This very phenomenon could lead tO 
mi ae a ae of bone breccias. 

amoilov was an active sy aie not- 
er of the concept of the ees eet aa pre 
phorites. “All deposits of phosphorites, with 
rare exceptions, are of organic origin; the phos- 
phorus comprised in them has passed through 
the body of an animal”, he wrote. Indeed, copro- 
red in phosphorites. Small 
-9 mm in diameter, are 
may come across 
of large animals, for in- 


West Africa, Chile, and Peru 
well known ge0chemist G, 
(geology and mineralogy) #* 
facts which | Bea a 
of the genesiS Ot phosphor; x 

ETA formations Phorites. The 


: Performed by the 


modern 
in these oceans were 
* G.N. Baturin, “On the geo 
mass asphyxiations of ichthyofy l 
ology, 14, 4, 101-105 (4974). 
** G.N. Baturin,, Phosphorites j 
Devel. Sediment., V. 33, Amsterdam à BP nts sea floor 
wy Bisevier, 1982. 


nee cal consequences of 
mM oceans”, Ocean- 
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found to be localized mainly in the zones of up- 
nce of the degree of 


wollings, and the depende 
Pope accumulation on the piological produc- 
on ity can be traced quite clearly. The phospho- 
la seawater is concentrated primarily by phy- 
a ankton, while the phosphorus found in 
f iment appears there chie i 
ecal pellets of zooplankton. I 
genesis, the sedime 
pradually transform into compac 
b s and scirrhi. This phenomenon, 
Ja Baturin, was acknowledged as 
984 and was officially named 
effect” *, 
Living m 
for the Dag 
tained in bottom 
microscopic biogeni 
cently from modern 
spelt of South-West ‘Africa ar 
he remains of pacteria that y : 
the diagenetic production of phosphorites. Dia- 
genetic phosphorite-forming roce 
gamut, from phosphorite pro n by phospha- 
tization of diatom oozes to phosphat 
that form in the tracks of ooze-eaters. Indeed, it 
was selective phosP tization of coprolites and 
aters that suggested to resear- 


the tracks of 002€- : 
part in the production 


chers that enzymes have a pe 
+, This had been proposed ear- 


of phosphorites* 


a discovery 1n 
the “Baturin 


se an important agent 
ic phosphate con- 
‘act, the ultra- 
rated re- 


atter is likewi 
enesis of neobiogen 
sediments. In 


* Science in ussk, ? (1985). i 
Hee JG Bushinsky> Inhibitors and stimulators 
in lithogenesis”, Lithology * Miner. Res., 4; 494-497 
(1967), 


| 
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lier in general terms by G.I. Bushinsky (1903- 
4980). 

Thus, one can be virtually certain today that 
the main bulk of phosphorite production in the 
contemporary biosphere develops in marine e¢0- 
systems, chiefly in upwelling concentration 9% 
life where the planktonic film is a leading factor 
in the accumulation of phosphorus. Ancient phos- 
phorite accumulation that manifested itself 0” 
all the continents occurred most significantly 
during the late Proterozoic and early Cambria? 
periods. According to the Australian geologists 
P.J. Cook and J.H. Shergeold* and the Soviet 
geologists A.L. Yanshin, A.V. Ilyin, an 
E.A. Eganov**, the environment and the 
conditions of phosphate accumulation at that 
time differed substantially from the modern cir- 
cumstances. The phosphorus content in seawater 
was much higher than that at present. Among the 
living organisms which had a skeleton, the 
percentage of Phosphate 
than at any other time in m l istory: 
Phosphates accumulated on fre eg a stihl 


one and were appa!” 
y ipwelling (it is not 
aid that there is an excep” 
he formation of phosphor! 
n late Proterozoic and ear- 


ently not associated with 1 


* 4 
Gmb P honi ang gold, “Late Proterozoic- 
Geol. Congr., Proc., Utrecht vhosphogenesis”, 27 Int. 


v. 45 Science Press, 1984 
2s A Te Yanshin, 


x V. Lyi z E in- 
cipal Problems on the p., yin, A.E. Eganov, “Prin 
phogenesis”, op. cis. “Ate Precambrian Cambrian Phos- 
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A. dinofla m dive strongly mag- 

gellate peridini iw an crs ys s 
nified. from E- n Bels a u uty 
of ple eres Be ‘St , Pel etersburg, 4905.) 


ents never repeated itself in 


rs Sars sedim 
co 
a e atë sation function of living mat- 
ter is nowhere m0 vident than in the formation 
of phosphate FC s, es cially of phosphorites. 
And, while in hi mbustion of fossil fuels 
mankind makes US “OL the energy that living 
matter had store millions of years ago, phospho- 
rite fertilization of fields brings back into biot- 
ic circulatio e hosphorus accumulated by 
f ancient seas. The transfer of 


the e anta o 
neobiogenic SU ubstances from the sea to the con- 
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tinents—the transporta- 
tion function of living 
matter—is readily appa” 
ent in the accumulation 
of guano. 

Next to be considered 
are the iron-bearing an 
manganese groups, 
sedimentary rocks. Since 
living matter performs 
Similar functions in thei! 
formation, they will be 
discussed together. Iron- 
bearing sedimentary 
rocks occur as layers, 
lenses or nests. The 
composed layers sometimes extend 


drite 
i f Galli t $ res 
of remains Gallionella. to tens of kilometr 
30 000-fol aygnification. in length and reach tens 
Electr i Eph. of metres in thickness: 


Ferrihy 


According to the miner- 
al composition, their 
r i constituen rocks are 
classe iron oneg olowing groups: oxidic, com- 
oScisting E N and hydroxides; carbonate, 
coh dominant fome aderite (FeCO,); silicate, 
A irons : orites; ‘et in- 
volving iron bearing rocks of a mixed, nd 
complex composition (hydroxt 7’ texture a 
iron carbonates, or hydroxid 
and so on). i the Precambri 
sphere, 1ron-bearing quarts; meta 
poth pone metamorphic raS ANd jaspilites, 
ao a Sth represented by band ae aaGesDres 
thin bands that are enriched with wey yy 
and silic 


t d i 
Gsbiied th R 


iron silicates, 
an of the metabio- 
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to varying degrees. The key minerals are quartz, 
magnetite (Fe,0,) and hematite (FeO); the 
Percent iron conten 0 to 40%. Jas- 
Pilites are approxim pillion years old. 
Sedimentary iron 0 duced in seas 
and swampy-lake locati through interaction 
With minor quantities of terrigenous materia’. 
he marsh-lacustrine origin of Paleozoic and 
esozoic iron-bearing rocks was first propor 
by -Ya.V. Samoilov in prief notice titled Siyi 
the genesis of iron ores in Central Russia (1931), 
Published posthumously“. dosent 
b The main bulk of iron hydroxide 
asins where it was transformed appar ebm 
errihydrite, a recently discovere nin a ak 
the group of iron hydroxi xe, The type? 
3 oe undergone 
ntrolled, largely» PY 
matter in the dime _ Where Saag in the 
onte jogenic ° k : 
Aaa» eer pasins; ferrihydrite ane 
hi to hematite resulting ee Paro Was 
k ferruginous oxidic os ie matter, ferri- 
high content ° orga ferrous-pro- 
ydrite would be reduced l mee etc.) and 
toxide minerals (siderita i ni varying side 
the ores evolved were silicates W! aes ii K Pa 
rite content. Finally frequent ©? g 3 
eras he genesi 
y ilov, won the gene 
Conte vast ra of Miner 1 nae 
Wok S alene gh (te )-yermilova, B.B. Zvyagin, 
Ay ts Chukhrovnetic, Syste of Hypergene Iron 
a as ET Aprl Publ, Wilmette 


Oxides” 
es”, Proc. Int. 
(USA), 1975, pp. 275-286 


t reaches 


s of iron ores in 
e. USSR Acade- 
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geological environment led to the production 
of mixed rocks, 


“There is hardly a Single metal in the high 
concentration of which life plays such a zole os 
it does for manganese,” said Vernadsky in v 
address to the Conference on the Genesis il 
3 » and Aluminum Ores in Apr 
1935. In ¢ e same way, biogenic calcium a 
iron masses are responsible for their greatest a 
ural masses but along with concentrations 3 
this origin, one is aware of equivalent eel 
tions related to igneous processes that are K; 
together independent of the biosphere. Nothing 

nown for manganese”*, in 
ry rocks which are richest da 
manganese contain 80% or more manganese wi 
centrations are rare, the 
is rocks with a concentration of ily 
S oxide greater than 10% that are aol s 
Similar to iron-bearing rocks, 
seams with thickness up to 20 e 
and seams-like and lenses-like deposits. Mang 


nese deposits are not as large in dimensions j 
iron-ore deposits but they may still extend to £ 
few kilometres in le 


ngth and several hundred 
metres in width. Oxidic and carbonate manga- 
nese rocks are known, the latter being significant 
Yy more common. 


e oxidic manganese rocks are usually dark, 
earthy, sometimes coarse-grained frac 
ture ot infrequently, their texture is either 
nodular o iti accumulated in a wa- 
-Palustrine or marine envi- 

Se 


Works, y, 1, p. 587 (in Russian). 
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Ton: 

mi 

ent. Manganese apparen 
anganese hydroxide col- 


t 
td of oxidic manganese TOC ks. 
and | of this type include manganese 0 
ver iydroxides; one of W 
oe in honour 
Pg manganes 
text or pinkish, with a fi 
liv ure and sometimes hin-laye od, resemble 
mestones. They ave also produ 
i are produced 


be that oxidic ma” e 
al by the process eduction. 
4 eading Soviet li 

1944, “It is not know? in w. $ 
ganese oozes, Upor -> tjon of their mundane 
tranta! journey, © uld havo he 

emical wanderings jn lago c 
chemical warapa, Apanganiferous ac umulations 
on land lead to finite, exceeding y stable and al- 
most insoluble forms of tetravale 
(MnO,), whereas in the lae nga ; 
ri a es, mang? S 
rine carbona my C > wonders if the very envi- 
ronmënt of Hie (specifically containing, pacteria) 
along with } roducts of organic vital activ- 
ity (humatess for example) 15 the cause 


—— 

* F.V. ChukhroY: Al. Gorshkov, y.y. Berezov- 
skaya, AN: Givtsov> Contributions of the mineralogy 
of antigenic nganese phases from marine manganese 

P, A m Deposita, 14, 3, 249-261 (1979) 


a 
deposits”, fineraliu 


i res 
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igorievich 

Alexander Grigor’) in 
in. (Publishe ”, 

on et a of “TBB".) 


for the geochemical 
The question of th cits 

of ivon-bearing and anganese rocks has e oe 

ed Seologists for over a century now. And, Pp 


nE, 
revival of manganese 


oñ 
e role of life in the formati 
m 


Ko 
haps, in no other field in e science of sedim 
b as the clash of 


i 

opinions been so = 

‘mes dramatic, as on that one are 

| „Already in 1930 - Ehrenberg, who Ik, 
his research on cha 


it of 
lyak, a new deposit 
5 manganese ores in the Permia ” 
posits of Bashkiria (the 
Š SSS 
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Marshy” the so-called 
trati ay”, or “lake, ; Tron-concen- 
nae ng bacteria were discovered at the end of the 
ne ci uiy The great microbiologist S.N. Wi- 
te a proposed the term, iron bacteria”, 
Biosa is now used. Early in this century micro- 
aor sedimentation suggested for 
in ee Later, many of the geologists active 
farg 1e early half of th l 
it ured a theory of the pacteriogenic origin for 
on-bearing and manganese rock 
i The January 1947 Session 0 

Cography Section 0 ne USSR Academy of 
ciences was addressed | °Y ‘G. Vologdin ¥ 
(1896-1971), Corresponding Member of 
MOSR Academy of Saenen 
chternational Pale 
oe Walcott Meda 4 
cian Orgies te 
Ae as like the futile 
attempts of G Molish, SaN 
YS. Butkevich to discove! piogenic § 
in iron rusts, Vologdin was for 
seat remains of iron pacteria 1 
nd manganese rocks. 

One man does not make a team, and a Eel 
logdin’s report aroused severe © cism from the 
mg. «weitere vorläutige Nachrich- 
ten ene ae nrenborg, innate der Physik u- Che- 
pecs a Fe 55-464, e 8X anganese precipitated by apitro- 
organisms” 'e0l0gY» 0, 4, ee 0 (19 5). 

kkk AG Vologdin, e geologica activity of mi- 
croorganisms”, AN SSSR, geolog. series. 3, 19-38 
(1947). 


nic structures in 


reS 
i iosphere' 
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for his 
audience. The Speaker was je pointe, excuse? 
failure to substantiate his major pon ne ignoring 
enchantment with microscopy wh ing photo- 
other methods of research, unconvinc transgres- 
graphs of microorganisms, and Daa later 
sions. It Was over a quarter of a different- 
that Vologdin’s work was evaluated 

ly. 


ned dow? 
“Vologdin’s hypothesis had been als un- 
Dy the geologists of his day for being ecologica 
founded. In part, this was because l i ee formu- 
public was unprepared to äppreciate ot so 
lated ideas, Yet the main reason ame micro- 
seems to us, the indistinct quality a nd the i" 
photographs supplied by the author iil flora 
sufficient knowledge about mon pastan organ- 
at that time. Many of the now ae st in 
isms of that stoup were yet to be £ aio yates 
the 1940s; therefore, the microbe-like analogues 
discovered by the author had in ically”: 
that were sufficiently similar morpholog i 


icrobiologis’ 

his statement was made by the microbio! 2 
Atistovskaya, iro! 
The major break-through in the no gid was 
i ‘istovskaya referred amined 
achieved by Microbiologists when they oiai 
manganese-ore Ee yë: 
what might be called the laboratories of mt the 
One such laboratory is found in the lakes 1 the 
northwestern Oviet nion—Karelia and 

eningrad Region, 

Tt has been 
that the la 
ary iron 
ing 


jal 

1a 
known since times ien n 
kes of this region contain SRO e 4 
and manganese ores. The first a the 
and cannon Works were built here i 
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1 ¢ v 
pro ane es Under Peter the Great, iron-ore 
Plant = was increased and the Petrovsky 
tailed a a number of new factories, Was eS- 
arose, , from which the city 0 
Lal a . 
80% pats x =e in effect, concretions with up to 
a nd manganese ci Based 
e of the concretion inio 


u 
ie following types: SU" 


coi 
a Be pancake, shield-like, 
shed. B , the year e Bi phere” was publi- 
> aid LY. Perfiliev: 18 4-1969), Jater to become 
Prize essor and holder of the Lenin and State 
the S, made an outstanding discovery during 
p investien ho on Ka ja’s Jake ores- 

EES o uncover undispute 
Saft ures in the Jake, ore 1 orth-West 
STEN mier ao ity } b 
activi 1e ascribed to the varyin 
th ity by jron-bacteri®- perliliev hy 
hat in the past eologic epochs; 

mulation had also een bacte- 


ni A 
usm of iron accu 
rial*, 
Perfiliev’s discovery ave mpetus t0 fur 
pacteri il jre-formatio ack, New 
i «volved. 1 | 


thier research 0 
iron-bacteriel gene and species, : 
Aaa process, W sæ described. n 1936 Perfiliev | 
escribed a new g eria ‘ch the evi- 
si * B.V. perfiliev» ‘New on t ore-forming 
ole of microbes”, Jav. Ge0l08- Comitetas 45, 1, 795-819 
(1926). i 
Pe p.v. Perfiliev p.R. Gabe, et al., Applied Ca- 
pillar MicroscoPY, he Role of Geroorganisms ta re 
Tron-Manganese posi Consultant Bureau 


mation of 
New York, 4965. 
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Boris Vasilieyj : 
D.R. Giahey Perfiliey, (Photograph by courtesy of 


it “Metallogenium’» 
bacteri l | ' E another researcher, 
ernadskyi, at 


a 
he Metabiosphere 


ter 
Since aoe Vernadsky. 
eters care Te z 
cent | u l1es into re- 
Män acustrine iron an 
aa ore formation 
G.A een initiated by 
ines Dubinina of the 
By oe of Microbiolo- 
A the USSR Acade- 
ko Sciences”. 
hien nt ae conducted by 
venli iologists has Te 
aa that some iron- 
aial species exclu- 
Sina concentrate man- 
chi e oxide**, others, 
s To oxide***, and 
oe group, both these 
ae anis Hence; 
ee the term “iron- 
Sa ay is sometimes 
Ate 3 to describe iron 
hee Productivity 
the S in different iro 
a zonality of bottom 
5 alternating 
anganese oxides. 


ee o} 


erh. int. 
Mek 

A tarotiai Geochemistry 

*** K,H. Nealson, 


Pp. 159-190. 
21— 01293 


“The sigh 


( 
Blackwell 5¢1; publ : 
“The microbial iron © 


composed of 
Metalloge- 


Vernadite 
remains 
nium. T 


pecies govern 


j-bacterial S 

sedi or the pattern 
layers with var g 
The ra of the physicochem- 


ments, ) 
ing ratios of iron- 


nge 


of microbiolog- 


ificance 
ore formation’, 


1983, pp. 191-221. 
ycle”. Ibid 
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. iron- 
ical conditions of bottom-sediment he bacte- 
ments which allow for the existence of t d fairly 
ria and its ore-forming activity proven 5, Eb, 
wide, with the pH ranging from 5.8 to content, 
from + 20 to -+ 700 mV, and oxygen 
from trace quantities to 10 mg/litre. — ns is 2 

Formation of iron-manganese een oxidi¢ 
two-stage process. At first, the meta S diments 
compounds are reduced in the bottom a an 
by sulphate-reducing and other bacio | 
the reduced iron and manganese compoun tages 
from ooze into water. In the second s 


«rege the 
Fi . <idize 
reverse process occurs: iron bacteria one pro- 
benthic water solutes—iron and manga ite, 
toxidous 


fou 
vernadite and other minerals. It has been 


a 
that vernadite can be produced only by very 
oxidation of bivalent 


sis 
evidence in Support of :Khabakov’s hypothe 
on the role of living 


sarobi- 
Another natural environment where microbi 
ologists conducted their research was the EENG 
where iron-manganese concretions formed in ko 
World Ocean, At depth ranging from 4 to 6.5 


5T 
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Tron-m, 
at anganese nodules on the floor of the Paci 
ster, nepras 54145 m. (From: B.C. obe ae foili 
ace of the Deep, New York, 1974, P- 431.) 
a solid cover on 
h resembles a poulder pave- 
s for about 10% 
and iron 


of the World Ocean bottom. 
pproximately 25% 
n the ions; the 
palt, copper am 


f nickel, co 
s of the perio ic ta 
ine iron and 


thi 
the concretions som! 
ocean bed, whic 


ea nodular : phos. 
anganese ores these no ular: 
f the jron-manga- 


oe resource. The reserves 0 
ese nodules increase by ma ilion tons 
per year. 

í Though the nodules are pelieved by some to be 
abiogenic, the recent research fndings have 
shown bacteria to þe an important ingredient 


2i* 
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` z 
á TE. “2 
——— 
« conduits ea) Seas at 


i . ; 3 
Fig. 26. Comparison of the microstructure of ferruginoY 
minerals and bacteria: ` 


T, a i i > -Jike 
Epe bacteria Siderocapsae (culture); 3, 4—“siderocapsaq) of 


in limonite; 5— meti i ʻi absene 
bacteria] structure. magnetite, displaying complete 


1000-fold magnification. Photo Ari- 
i ; raphed by T.V. 
Stovskaya. (Published in the Rus A of “TBB”.) 


a pir formation* -+3 It is probable that pen 
i of He er are also part of the process» 
ous are forms among them with a shell | 
po _of various kinds of debris and cemente 
with iron compounds. It is more vrobable how" 
ever that iron finds its way into the sediments 
with dead plankton or has an altogether differe” 
* PR; j f 
mens (od. P-A tradida h Y MineratoForming Be 
sam a.o., 1979, Dp. 2414. p" aine), Else ‘ 


os. BK. Dugolin 
Biogenic influence 
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dae entering the benthic seawater layers from 
on in the Earth’s crust. 
th ased on the experience of microbiologists of 
e past two decades, Aristovskaya revised Vo- 
oe conclusions. She chose as research sam- 
ie. a few ferruginous minerals: limonite, 
matite and magnetite. tacearch was done 
sucroscopically, é itted light, following 
Pecial treatmen reparations. What 
Was it, then, that Aristovska ! 
The hematite an turned out to Con- 
-5 entirely of ferruginous de 
ae the cell outlines . 
ed there*. By comparing te microscop 
ture of the mineral masses with the grow ] 
terns of the iron pacteria, it was possible to trace 
i similarities betwe?h the remains of the 
icroorganisms ©o™ rising 
fragments af thé anios of som ontempora Y 
bacteria. The magnetite, as distinct from t e 
hematite and limonite, exhibited a total lack 0 
bacterial structure: 
Aristovskaya stu ‘od only fertug!" u 
The manganese ores of the Paleogene 10 
tura and Tetritzkaro j had been surveyer 
earlier by the Moscow 8° ogis! L.E. gee 
berg**, In preparations of oxalic acid-treate 
ores, Sterenberg detected and described þiogen- 
ic structures, not unlike the colonies of the ge 
nus Metallogenium already familiar to US 


_ Ty. Aristovskay4; “Role of microorganisms in 
iron mobilization and ay abilization in soils’, Geoderma, 
12, 1/2, 145-150 CC h a , 

«* L.E. Sterenberg, “Biogenle structure 1n manganese 
ores”, Microbiology: 36, 7410-712 (1967). 
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Following these studies by Aristovskaya and 
Sterenberg, the biogenic origin of modern iror- 
manganese ores, and their ancient analogues êS 
well, may be considered to be proved beyon 
doubt. Many workers view as biogenic not of y 
Phanerozoic iron and manganese ores, but also 
Precambrian iron-bearing quartzites*~**. 

The formation of the biogenic matter of iron 
and manganese ores follows a somewhat different 
course than that of carbonate, siliceous and phos- 
phate rocks, in that it is the benthic film of life 
and not the planktonic film that plays the Jead- 
ing role in the process. They have in commo” 


o wati, the conditions of their formation, ĉ 


togenic matter keeps accumulating in aqua" 
ecosystems; whether in continental water bodie’ 
or at sea, the key factor during the stage of st 
dimentogenesis and diagenesis is the concent?®™ 

tion function of living matter. 
The role of life in the production of allites and 
salines 1S a more debatable issue. j 
Allites are defined as being rich in free alu™* 
ihe oxide (alumina). They include bauxites» 
> aluminum source material—a rock consist- 
ne prrnarily of aluminium hydroxide miner 
ean oxide 1S present in large amounts a 
Silica ea Tanging from 10 to 30%, while i" 
sia S Present in small amounts in high-gra¢® 
up to 20% in low-grade types. Like phosph° 


ii 


Cad 


y G.L La B tt ë re- 
cambrian i erge, “Possible biological origin of P 
(1973) > ‘on-formations”, Econ. geol 68, 7. 1098-1109 

* k 
tion of tick aoe “A biogenic model of the formes 
South Africa”. ed iron in the Transvaal SupergrouP 
à , Mineral Deposits, 14, 3, 381-385 (1979)- 
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ri ; 
i geen vary wide- 
ies oe appear- 
Oured 1ey may be col- 
eo Fron eh pee yel- 
Nie and cherry-like, 
or sa or dense, clayey 
labor Pa During the 
Bele atory section of the 
ann general geology 
i students are 
a imes presented, as 
Oran joke, a col- 
eter of rocks including 
fica = brick, and the 
def ytes to geology 
y it without hesita- JE : 
bin and assuredly aS British oceanologist John 
ae Once this author a. 
a borat Pe this sin! Bratislava, 
wie term “bauxite” ori- 
es from Les Baux, 
an hamlet in the 
i uxites were first disco 
ormation is usually 
variety of chemical 
already mentione in his time, 
theoretically conceivable chemical 
Cited in the hypotheses 
gested by geologists- MOE 
iew of pauxites 15 as 


The predominant vi 
„ust of Juminos} 
‘tion. Earl 


silized weathering or f T 

or products of te tter’s Te 

3 . “1: bio 

indicati hat alum! osilic could decay 
ations tha 5 Platon a ak 


Traces of Bygone Biospheres 


to- 
Bauxite particle consisting of microbial cells cemented 
gether, 1000-fold magnification, Photographe! 


jero 
Aristovskaya. (From: T.V. Aristovskaya, Mi 


80, 
biology 19 


i of Soil-Formation Processes, Leningrad, 
Fig. 10, C.) 


1°¥ and R. Irvine* as far back as the end te 

ast century, More recently Vernadsky and poth 
Din EE =g repeated these experiments and the 
reported their data during the same year in 


Same jour 1, i i room 
dowbieg: nal. Their findings left no 


N :JicateS 
latom algae do decompose aluminosilica 
* J. Murra nas A ili the sili 
imay, R. Irvine, “On the silica and al 
oN papais of organisms in modern seas”, Proc. Roy 
ry. Rdinb., 18, 239-250 (4891), scomposi- 
ti holiy adsky, “Sur le probléme de la décom ris)» 
175, an aglin Par les organismes”, C.R. Acad. Sci. (Pa 
, 450- 22). cents 
*** H. Coupin, “Sur Morigine de la carapace silicensy 
(tami atomées”, C.R. Acad. Sci. (Paris), 175, 1226- 
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d their tests, where- 


and utilize the silica to þuil 
the water medium as 


as the alumina persists in 
a he st solution. 
saat wore nated onie” tnd atthe 
fact. ¢. Holand® iron oxide. Mindful of the 
te as ol and* proposed in 1903 that baux- 
part ae Sg mig nt be attributed, if only in 
SER 4 the activity of iron bacteria. This re- 
ah merely a proposal, unsupported by any 
tantio evidence, until Vologdin focused his at- 
ha on on the proad distribution of iron bacte- 
a, which are hg not only in ferruginous rocks, 
ites where they claim between 40 
ai 45% of the rock vo ume. 
hp was not until s later that the 
.P. Karpinsky All-Union Geological Research 
i et of experiments 


I . 

E sar came up with @ § 

amining the biogenic decomposition of volcan- 
n their ow? experiments, 


teu by bacteria. 
.G. Kramarenko and O.F. Safonov 
n exposure to microorga- 


gabbro labradorite, 
totally to ina—the process 


a ae convert 
aking either one of seven years, in an aerobic 
respectively In the an- 
ion 0 


or anaerobic medium, 
piogeni 


aerobic medium the 
n to two 


Pomma slowed dow 
e aerobic media, 
microorganisms Pl 


jtution, origin and 
ser., decade IV, 


* T. Holland, “On the const 
» Geol. Mag- new. 


dehydration of arenie > 

, 59- j- 

ve D.Q. Kramarenko, o.F. Safonova, “Some findings 
of microorganisms on de- 


the influence 
dorites”, Proc. VSEGEI, 


gabbro Jabra! € 
412-4117 (in Russian). 


with respect to 
composition of 
1976, v. 209, pP- 
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hortly before, G. Taylor 
=i &. W. Hughes* 
had demonstrated tha 
recent volcanic ahes 
like ancient ae 
rocks, were susceptible to 
biogenic decompositi 
ielding bauxites. Ps 
ý To aim up, one oppo 
tunity for living mat in 
to become involved is 
bauxite formation aie 
through the irsageia ie 
tion of abiogenic pe hë 
by the processes ol ae 
é vital activity of mic 
Lev Semenovich Berg. . 
(Published in the Russ, Organisms. nother 
ed. of “TBB”,) There may be a Some 
alternative though. | just 
of the plants are known to build up alumin ad 
in their body**, for example, club-moss ile 
contains: up to 30% aluminium. A ara 
study of the Subject was performed in the 194 ae 
Hutchinson in collaboration with A. Wollack first 
he geological aspect of the problem was 876- 
iscussed hy cademician L.S. Berg Coast 
Speciality is as hard to de 


1950), a man whose 


eH 


+. of 
* GR. Ta lor, EG: D es, “Biogenesis ‘ 
the Rennel Bauxite” Boon Ge og 3, 542-546 als 
= Y: Stoklasa, “Das luminium in Leben der 
nismen”, Uonschau, 26, 134-135 (1922). soa] accu- 
78 GE. inson, A. Wollack, “Biological Sci- 
mulators of aluminiu. ns. Conn. Acad, Arts. a 
35, 73-128 (1943), 
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as Vernadsky’s, for he was, at once, a geographer, 
ichtyologist, theoretical biologist and a historian 
of science. Though for some reason not generally 
considered a geologist, among Berg’s works there 
are the following: “On apparent periodicity in 
the formation of sedimentary rocks” (1944), 
Life and soil formation on the Precambrian 
continents” (1944), “On the origin of the Ural 


bauxites” (1945), “Soils and aquatic sedimentary 
ron ores of 


rocks” (1945), “On the origin of the i 

the Krivoi Rog type” 4947). With these works 

Berg inscribed his name in the annals of geologi- 

cal science. 
Berg* hypothesize 


originated from the de] 
sition of the remains of higher plants containing 


significant amounts of alumina. Bauxites, accord- 


ing to Berg, were deposited on Jand, in marshes 
y n d fresh water bodies. 


or in shallow waterlogge er boc 
For a long time ’s hypothesis failed to 
win support amon eological community. | 
Corroborating evidence, fi of a sudden, came 
from where it was cp ed—the experi- 
mental work of microbiologists- i 
Aluminium has been known for some time to 


form complex aluminorganic compounds in the 
plant body. ; a ’ 
kina** examined in exper- 


Aristovskaya and Zyl me 
iment the compounds decomposition under the 


might have 
and redepo- 


* L.S. Berg, Works Y: 2, Izd. AN SSSR, Moscow, 
1958, pp. 470-207 (in Russian). ; Wi 

* T.V. ‘Aristovskaya: . L.V. Zykina, “Biological 
factors of aluminium migration and accumulation in soil 
and weathering crusts”. In: Problems of Soil Sciences. Sov 
pedol. XI Int. Congr. Soil Sci.. Moscow, 1977. É 
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action of the iron-manganese bacterium, Metal- 
logenum, only to find that aluminium hydroxide 
precipitation does occur. “The metal-breeding 
| pacterium proved capable of breeding actually 
I i and manganese, but also elum 
‘um. On this solid basis, the authors condit” 
elieve the phenomena discovered by 
us can Provide a clue to the mystery of bauxite 
formation”, e 
The traditional label of “chemogenic Toek, 
or bauxite will now have to be removed, for s 
is no longer doubted that, at the stage of hyper: 
Senesis, the destructive role of living matter 4 
decisive for its formation. It is not exclude? 
i he concentration function of living 
matter, responsible for the increased aluminium 
content in the bauxite source material, als 
plays an important role. ae 
It is Customary to class salines—the sedime A 
tary rocks consisting of readily water-soluble 
minerals— wit purely chemogenic formations- 
Indeed, it jg no longer questioned that vapori- 
oe Saturated solutions and crystalliza- 
tion o Salts—the spectacular process we remem 
her fro jogenic 
course our school days—follows an abioge! A 
come f,, Ut where does the salt in the solutio 
Tom? 


the ee regions of progressive salt aöonmulatio n 
40 to 5x8 Contain a lot of mineral salts (up ie 
tion jg 17°); the composition of their ash m 
concen, also quite extraordinary, with a sodiu” 

hio} @tion reaching 65% (for ash), chlorine, 
C r 3S 48%, SO2-, up to 36% and magnesi 
i 9%. When shedding their leaves, the 
Plants salinize the soil; for example, saxaul lit- 
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ter? > 
Fat e a 50% readily soluble salts. During 
ee ee of the dead organic matter, NaCl, 
lester and MgCl, are the first salts to be 
fhesa ete ma d s not assimilate 
and ia ts. They become toxic in large quantities 
cco only consumed by plants as “compulsory 
Pot ment”. The remainder of the plant ash sub- 
Phor e 1s composed of calcium, potassium, phos- 
Sow te iron and silicon. Those elements are 
th to free themselves during mineralization of 
e dead organic matter put quick to be cap- 


tured by living matter. 

The chlorides and sulphates of sodium and 

magnesium extracted from the dead organic mat- 
nd runoff flow, 


a! migrate in the surface and grow 
o gather in hollows without natural outlet (salt 
accumulation centres) oF in the World Ocean. 
V.A. Kovda estimated” that 16 million tons 
of salts, or one half of the total salt supply, at 
rives annually at the #7“ oa from neobiogen’® 
matter. Life dumps he the excess salts it does 
not need—chlorides and sulphates- The salts pre- 
ically from su er-saturated 50- 
s or isolated sea lagoons. 504a 
formed in this way, with the 
that in this case sodium com- 


a nate abiogen 
utions in saline 
deposits are also 


only difference j s , 
bines with atmospheric carbonic acid 
migrates. x 

f living matter to the 


Yet the contribution © g 
production of salines is not limited to the con- 
centration function alone. It has long been known 
n_i 

+ V.A. Kovda, “ iological © cles of salt migration 
i VAi sol Se. EEs, 144458 (1944). 

** N.I. Bazilevich, The Geochemistry of Soda-Saline 
Soils, Nauka, Moscow, 4965 (in Russian). 


\ 
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Deposits of al 
iron-manganes 


nification. Photographed by T.V. Aristovskaya. (From: 
T.V. Aristovskaya, M icrobiology of Soil-Formation Pr? 
cesses, Leningrad, 1980, Fig. 11, £.) 


ka A : the 
uminium hydroxide on accretions of $ 
e bacteria Metallogenium. 1000-fold mag; 


that reef-rocks frequently a ear among salt de- 
Posits. Why? a y SED 


1 No plausible answer existed a 
that question for a long time. Only very ecet y 


SSN d- 
letsiy, yy ou-the-Don scientists, V.I. 5e 


- Derevyagin and N.I. Boiko, 1° 
nae thai it is specifically the reef-rocks Er 
woi isolate” saliferous basins from m 
natural cean. They thus become the automa Á 
Todyna regulators that stabilize the latter’s A 
tion mak Tegime. This means that in the pro of 
livin: salt, the medium-forming function 

We hee is also manifested. 4 
of sedi ave Sequentially discussed eight eye 
ih mentary rocks and everywhere found a 
P Signs of the activity of living matter ; 
one form or another. Of all existing groups 07 
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tw 
o have not been discussed, detrital rocks and 


sk 
hales. Both these groups are known to be pro- 
ing and redeposition and 


duced by the weather 
rimary volcanic and also 


a ee himsel verstated role fre- 
a ently assigned to mechanical weathering, Aca- 
at neg B.B. Po r in 1952, shortly 
efore his death, “At this tim i 

rsely, the very 


up these habitual notions; converse 3 
rile-abiotic weathering is 


concept that some ste 

occurring is, nO doubt, totally unrealistic, tho- 

ught-up and unconfirmed py facts. Far pe it for 
jon of mas 


me to deny that thermal 
sive rock is possible, 3S Id 1 
tions of oxidation a carbonation are 
possible, What I do deny outright is that it is 


possible for these rocesses 
lated, sterile manner.” (Tob more precise, one 
should add ‘in the conditions of the biosphere 
Consequently, with pect detrital rocks 
and shales, as in he case of allit and salts, the 
activity of living matte becom vious at the 
$ n unction 15 


stage of hypergenesis where its mé 
ing to the decom 


a destructive one, Jeading 


of abiogenic matter. Clay rocks, 
ly, could also have evolved, as Polynov suggest- 


ed, from co mineralization of dead or- 
ganic matter. ‘19 til) not clear. 


mple' 
Whether this is 50 15 still 1 
In addition to inorganic ial detrital rocks 
T 


mat , 
and shales contain 4 proportion of biogenic or- 
ganic matter— an average of 0.9% in the shales 


2b 
* B.B. Polynov, Works, 124: AN SSSR, Moscow, 1956 
p. 468 (in Russian). , 
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and 0.2:to 0.5% in the detrital rocks. ee 
ble as these contents may seem, shales ane len cks 
to contain over three-fourths and detrital rae 
over 15% of all the paleobiogenic organic 
ter of the Earth’s sedimentary crust. f rocks 
Thus, the metabiosphere is composed tien of 
which were formed through the participa eo the 
living matter in one form or another. Some which 
rocks consist of the remains of Organisms rbon- 
once lived on the Earth. These oe a A and, 
ate rocks, siliceous rocks and Siena 
in part, also phosphatic rocks. The EA n-bearing 
ucts of living organisms formed ti cks, the 
and manganese rocks. For still gE to the 
role of living matter was limited EA stage 
preparation of their source material a e detrita 
of hypergenesis. Examples of these ar P 
rocks and shales, is negli- 
‘While the quantity of living matter xt ee 
sible in relation to the inert and bio-ine itute a 
of the biosphere, the biogenic rocks conoi the 
large part of its mass, and go far beyon heno- 
oundaries of the biosphere, Subject to they los? 
mena of metamorphism, they are converte A 
ing all traces of life, into the granitic enve A 
mate no longer part of the biosphere. The Par 
pitic envelope of the Earth is the area of for 
| biospheres?s. 
f ernadsky’s 
of the Skanio 
Spheres Parado. 
t 


t 
contemporaries found his a a 
envelope as an area of ara hee ni 
xical. But it is known that ky’s 
e bottom of a well”, and Vernadsk 


o- 
Vernadsky, “The Biosphere and the N 
» American Scientist, 33, 1, 6-7 (1945). 
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pews gradually began to be assimilated by geo- 
ogical science. In the sixties, based on Vernad- 
sky’s ideas, the well-known Norwegian petrogra- 


pher and geochemist Thomas Barth 
ll the rocks we see 


(1899-1970) concluded that Ha 

today were once sediments..- The rocks may have 

been altered by plutonism, metamorphism, meta- 

somatism, they may have been, at least parly, 

remelted and existed in the form of magmas an 
t they formed 


lavas, but at some time in the pas 
from sediments”. Sediments, on the other hand, 


as we have established, formed with the active 
Participation of living matter ' e conditions 
of a biosphere the entire geolog- 
ical history of the Earth. i 

The concept of new global tectonics that has 
takon shape during the last few decades has ro- 
vealed a possible nism for the formation 
of the granite layer st from se@l- 
mentary rocks. ing to these concepts, 
the oceanic Eartl 
belt from the ocean ridg 
is exactly on this pelt that 

osited: they gradui ly mov ard under the 
posited; they gt adually 1 eae  etamtorphic 


continents, where they une 
As a result of these processes, 
ivi ‘ving matter 10 the 


metamorphic roc 
ry to “eliminate the metamorp. 
y liminat ‘o of the most an- 


the initially sedimental nature | agin 
cient metamorphic rocs. sts of the schoo 
of Academician ^- Vv. Sidorenko (1917-1982) 
achieved great successes in this area. 

The Earth’s metabiosphere presents a record 
documenting the development of the biosphere 


22—01293 
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by which all evolutionary stages of the planct’s 
heterogeneous living matter can be reconstructed- 

kia outstanding Soviet paleontologist and Hon- 
orary Member of the American Geological So- 
ciety, Academician B. S. Sokolov recently stat- 
ed: “It is probably easiest to determine and an- 
alyze the most ancient organisms by the con- 
centration of the products of their vital activity» 
ànd, above all, by the accumulation of carbonace- 
US carbonate and iron-bearing rocks”. 


Conclusion 


In archaeology there exists a concept of cultural 


stratum; it is the term applied to the layer of 
the site of human set- 


earth which develops On 
tlements and contains the artifacts of man’s activ- 
ity. It is underlain by the so-called subsoil— 
virgin soil or rock. 


Similarly, the metabiosphere is the “cultural 


stratum” of the biosphere while the primary rocks 
produced outside the biosphere constitute 
the geologists’ “subsoil”. The two basically differ 
from each other—tl mostly similar, 
endogenetic rocks ane ly dissimilar 
sedimentary and metamorph aking up 
the Earth’s metabiosphere. 
Life has created this variety. 
“Thereby life appears as a great, permanent 
and continuous infringe? on the chemical die- 
hardedness of our planet's surface... Life is not, 
therefore, an external and accidental development 
on the terrestrial surface. Rather, it 15 intimately 
related with the constitution of the Barth's crust, 
and forms part of its mechanism wherein it per- 
forms functions ° nt importance, with- 


f paramou 
out which this mechanism would not be able to 
exist.”* 


1e massive, 
| the extreme 
ic rocks m 


* w. Vernadsky, La biosphère, Alcan, Paris, 1929, 
p. 30. 
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Glossary 
of Special Terms 


m at- 
ABIOGENIC MATTER (PROGPSSE -Ns 
ter (processes) originating (proceed) withou 
Participation of living organisms. 

ae roe 
AEROBIC MEDIUM —a medium containing fre 


oxygen. 


ALUMINA ~—aluminium oxide (Al,0;). id of 
ANAEROBIC MEDIUM—a medium devoi 
free oxygen. 


ore 
APHOTIC ZONE —the part of the ocean whet 


C Joor 
Photosynthesis cannot proceed because of | 
illumination. 


ARCHEOZOIC ERA 
velopment of the E 


AUTOTROPHS 


* » de- 
—the earliest era in the 
arth. 


ü not 
—living organisms which dering 
use ready organic compounds for gynhes wo 
their own organic constituents; subdivided 
Photoautotrophs and chemoautotrophs. 
BENTHIC 205 


oceans, 


BENTHOşg 


i seas and 
—the bottom of lakes, seas é 


P io zone. 
“Inhabitants of the benthic Z 


> Ne “all” 
S—a community of living ron 

as historically formed ina g 
ecosystem, y 


5 A .- the 
cours re MATTER —matter created in 
se of activity of living organisms. 
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ah ees SYSTEM—a natural system in 
ich living and nonliving matter interact. 


BIOMASS—the mass of living matter per unit 
area or volume. 


BIOTURBAT ON stirring of sediments, 
onditioned by the activity of living organisms. 


BLUE-GREEN ALGAE—see Cyanobacteria. 


BRACHIOPODS —inverto puted animals resem- 
bling mollusks put attrributed by piologists to 
another phylum Brachiopods 
flourished in the Paleozoic Bra; now they are 
becoming extinct. 

BRYOZOANS—small aquatic animals (about 
1 mm in size) of the phylum Tentaculata. Colo- 
nies of bryozoans resemble small pushes or pros- 
trate rhizomes- 
BYGONE BIOSPHERES—biOSP irnos of the ge- 
ological past; Vernadsky sometimes included 
the sediments formed by the 


p—the very first 


CAMBRIAN PERIO period | 
of the Paleozoic fra. 
CARBONATE COMPENSATION LEVEL—the 
depth below which there takes place intensive 
dissolution of calcium carbonate in the water 
mass of the World Ocean. 


CARBONIFEROUS pERIOD—one of the pe- 
riods of the Paleozoic Era. 


‘ Terms 
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A as 
CENOZOIC ERA—one of the geological era 
in the development of the Earth. 


isms 
CHEMOAUTOTROPHS— autotrophic omen 
which attain energy by oxidizing nail ain 
compounds, and use this energy to produce 
Own organic constituents, 


i rocks 
CHEMOGENIC ROCKS SEDIMENTS eats 
(sediments) formed as a result of a 
(q.v.) chemical processes. 


stebrates: 
COPROLITES —fossil excrements of vertebra 
consisting mainly of calcium phosphate. 


ate: stly 
COQUINA —loose sediments consisting eee 
or entirely of shells or fragments of sells 
lusks and brachiopods. of 


CRETACEOUS PERIOD—the last period 
the Mesozoic Era. 


rocal'y~ 
CYANOBACTERIA—subkingdom of proq di- 
otes, characterized by extreme morphologi 


; ise called “blue- 
versity. Cyanobacteria are otherwise calle 
green algae”, 


DETRITUS 


substance 
—fine particles of any subst 
resulting fro 


m disintegration. 


, f 
DEVONEAN PERIOD—one of the periods 0 
the Paleozoic Era. 


„ma~ 
DIAGENESIS ono of the stages in the ora 
tion of sedimentary rocks, during which 
sediments 


are transformed into dense rock- Jl 
J oe 

DIATOMS — unicellular algae with siliceous Pey 

walls, living either singly or in colonies. 
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jal component of 


are ubiquitous; are an essent. 
as and land water 


the plankton and þenthos in se 
bodies. 


DINOFLAGELLATES (0 
scopic algae constituting 
tion of marine phytoplankton. 
liferation is called “red tide”. 


t peridinians)—micro- 
a considerable propor- 
Their mass pro- 


ECHINODERMS—a phylum of multicellular in 
a calcare- 


vertebrates. Most echinoder, 
ous exoskeleton provided with diverse 
sions or spines. Echinoderms include star 

nolothurians, í 


ophiuroids, sea urchins, ! 
all typical inhabitants of the benthic fi 
of the World Ocean. 


ENDOGENETIC ROCKS—rocks 
their origin to abyssal geological process 
processes are called endogenic)- 


ENZYMES—substan talysts in 
biochemical processes- 

BUCARYOTES—a superkingdom of living or- 
ganisms characterize resence of a typi- ( 
cal cell nucleus; ©° fungi, and 
animals. 


EUPHOTIG ZONE—the re 
which photosynthesis occurs. 
FILTER-FEEDING ORGANISMS—aquatic 
animals that obtain their food by actively filter- 
y „in which planktonic 


ing large amounts 0 i 
organisms and organic detritus are suspended. 


which, owe 
es (these 


ces that act as ca 


gion of the ocean in 
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FORAMINIFERS 


—representatives of the Pro- 
tozoa. Chiefly 


A anisms 
marine microscopic alls. 
which secrete chalky, ig pac that ts 
the remains of which form a grey mu 


an 
| gradually transformed into chalk on the oce 
- bottom. 


idified 
GUANO —recent accumulations of the solidifie 


x fre- 
excrement of sea birds on ocean coasts (less 
quently, of bats in caves). 


; je 
HETEROTROPHS— living organisms which can- 
not independently synthesize organic subuan 
from inorganic ones and are dependent on a 
trophs for their supply of food. 


HYPERGENESIS—the preparatory stage aroa 
mation of sedimentary rock. At this stage, itial 
ing the weathering ‘of various rocks, ee 
products of sediments originate and are tra 
ferred to various locations. 


JURASSIC PERIOD 
esozoic Era. 
KATAGENRE 
of sedimenta 
during whic 


e 
—one of the periods of th 


f 
—the solid outer envelope ©, 
the Earth ts thickness probably ranges aed 
© upper part of the ng ee 
S of the occurrence of liv 
ed in the biosphere. 


e limit 
is includ 
LIVING MATTER the totality of living °F 
ganisms in the biosphere. 


matter) 


G é 
lossary of Special Term a 


f the biosphere, 


MELANOBIOSPHERE—a zone 0 
ple because ° 


where photosynthesis is not possi 
poor illumination. 


TESOZOLG ERA—one of the geological eras in 
1e development of the Earth. 

ME TABIOSPHERE (according to Vassoyevich) 
e part of the lithosphere, either generated by 
oe living matter of past geological epochs or 
We been under its influence. 
diosphere is not included in th 


METABOLISM—all the chemical 
taking place in living organisms: 


MUD-EATERS—bottom-dwellité 
which indiscriminately swallow m 
it through their alimentary tract. 
mollusks which often make 

the near-shore 
el panks”)- 


reactions 


organisms 
ud and pass 


MUSSELS—bivalve 
up tremendous accumulation in 
part of the sea (so-ca led “muss 
NEOBIOGENIC MATTER — piogenic matter 
formed by the living matter of the contemporary | 
geological epoch, oF in other a, o 

ing matter of that time. with the passing 0° 5 
logical time, it is transformed into pë 

matter (q-¥-)- 


NEOGENE—one ° 
Era. 


NODULES—dense mineral formations, origi- 
nating from the cohesion OF coalescence of their 


constituent particles: they clearly differ from the 
embedding sediment (°F rock. 


f the periods of the Cenozoic 


<a] Term 
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“phous 
OPAL—a mineral; solid hydrated amorphot 
silica (SiO,-nH,0). 


P f 
ORDOVICIAN PERIOD—one of the periods 0 
the Paleozoic Era. 


PALEOBIOGEN IC MATTER —fossil biogenic 
matter. 


ic 
PALEOGENE—the first period of the Cenozo 
Era. 


l ras. 
PALEOZOIC ERA—one of the geological era 
in the development of the Earth. 


akes, seas, 
PELAGIC ZONE—water mass of per agd 
and oceans. In the World Ocean it is ah above 
into two zones: neritic (the mass of wa 


i water 
the shelf) and oceanic (all the rest of the v 
mass), 


the 
PERMIAN PERIOD—the last period of 
Paleozoic Era 


PHANEROZOIC EON —the period of time com- 


zoic 
; ic. < jenozol 
Posed of the Paleozoic, Mesozoic, and Ce 
Eras. 


p: is 5 
whic? OAUTOTROPHS—autotrophic oir 
Which use light energy for pee IRAN 
Jera constituents, 


in 
A Ot tose ating organisms found i 
the upper lay 


f ac- 
A ers of the water, incapable of 
tive flotation 


z a 
ETES—a class of a gee mi 
`f the phylum Annelida (ant 


j : = case 
worms); with the exception of a few rare cas 
they are marine animals. 
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PROCAR YOTES—superkingdom of living 
orgaiienis characterized by the absence of a 
real cell nucleus; comprises bacteria a 
Cyanobacteria. 


PRODUCTIVITY (of living matter)—inere 
of the biomass, per anum- 


PROTEROZOIC ERA—oene of the early geologi- 
cal eras in the development of the Earth. 


QUATERNARY PERIOD (or Anthropogene)— 
the period of the Cenozoic Era, lasting up to and 


including the present time- 


ase 


RADIOLARIANS—subelass of unicellular in- 

vertebrates with a siliceous exoskeleton; typical 

reprenent of the zooplankton of the Wor 
cean. i 

SAPROTROPHS—living organisms which feed 

on degrading organic matter- 

SEA URCHINS—one of the classes of echino- 


derms (q. v-)- i 
SEDIMENTARY pocKgs—rocks occurring in 
the lithosphere strata which formed D neS, 


: p ‘ forme 
ic and biogenic sedimentation 5 nees, 
i i nts du 
followed by transformation of the sedime! 

d katagenesis (q-Y-) 


ring diagenesis an j 
re stages in 


2 a tl 

SEDIMENTOGENESIS— ove of : iny 
the formation of sedimentary rocks, during which |) 
accumulation of sediments takes place- 
SHELF (or continental platform)—shallow oce- 
anic zones around continents, extending from 
the shoreline to the depth at which the sea floor 
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begins to descend steeply. Average width at 
shelf is about 70km; its average depth is a 

140 m. 

SILICA —silicon dioxide (SiO,). 


; e 
SILURIAN PERIOD—one of the periods of th 
Paleozoic Era. tic 

ati 
SPONGES—a phylum of multicellular tn or 
Sessile invertebrates attached to the “er 
to other solid objects under the water. Spore a 
usually have the shape of a sack or a deep 8 
let, opened at the top. li 

setll- 
STRATISPHERE (according to Suess)—s¢ 
mentary envelope of the Earth. 


TR —he- 
SULPHATE-REDUCING BACTERIA. i 
lerotrophic bacteria which reduce sulpha coh 
obtain energy by oxidizing organic substance j 
includ- 
THALLOME —the body of lower plants wore 
ing algae), without differentiation into < 
eaves, and root. teria 
THIOBACTERIA~—chemoautotrophic aoe oN 
which oxidize sulphurous and ferrous compo 


: p the 
TRIASSIC PERIOD—the first period of 
€sozoic Bra, 


» jp 
UPWELLING_ the vertical motion of wale h 
the ocean, as a result of which abyssal water ge 
in nitrogen, Phosphorus, and other elements 
Portant for life, rises to the surface. f 
WEATHERING CRUST—the upper layers ihe 
the lithosphere (q.v.), transformed under 
action of hypergenesis (q.v.) processes. 
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